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ARTICLE INFO This research aims to investigate the changes in static and dynamic balance

and proprioceptive accuracy of knee and ankle joints of young taekwondo
athletes before and after applying the fatigue protocol. The current research
is semi-experimental. The research subjects were 20 teenage male
taekwondo players (17/86t4/4 year, 174/37+5/2 cm, 65/6116/1 kg) from the
statistical population. Static and dynamic balance variables were measured
respectively by Stork's static balance test and Y dynamic balance test, as well
as the proprioception of the ankle and knee joints at 10 degrees of ankle
dorsiflexion and 30 degrees of knee flexion, by the photographic method.
Then the functional fatigue protocol was applied. After finishing the fatigue
protocol, all the variables evaluated again. The results of the paired t-test
showed that after applying the fatigue protocol, there is a significant
difference between the average of static (P=0.028) and dynamic balance in all
three anterior (P=0.001), posterior-medial (P=0.012) and posterior-lateral
(P=0.009) directions as well as proprioceptive accuracy of knee joint (P=0.003)
and ankle joint (P=0.001).

It is recommended to all taekwondo coaches and athletes, to perform
specialized training exercises in the field of taekwondo and according to the
age of teenagers.
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Extended Abstract

It has been reported that nearly half of all taekwondo competition injuries occur in the
lower extremities, with ligament sprains being the most common type of injury (4). Child
and adolescent taekwondo athletes are at a higher risk of musculoskeletal injuries
compared to other age groups. Therefore, investigating lower extremity injuries in young
taekwondo athletes is crucial. Factors such as balance and proprioception have been
identified as the most important intrinsic factors related to the occurrence of lower
extremity injuries (8). Impairments in either of these factors can significantly increase
the risk of lower extremity injuries (9, 10). Previous studies have acknowledged a direct
relationship between the balance performance of taekwondo athletes and the likelihood
of lower extremity injuries (6). However, reports indicate a significant effect of fatigue on
the balance and proprioceptive accuracy of athletes (16, 17). Fatigue is a complex
phenomenon involving neuromuscular mechanisms that alter the capacity of the
muscular system to produce force (11). Previous research has reported reduced
neuromuscular capacities, increased postural sway, impaired proprioceptive system
function, and consequently, an increased risk of lower extremity injuries following the
induction of fatigue (3, 16-18). However, a review of the literature in this area indicates a
lack of research examining the effect of fatigue on intrinsic factors affecting the
occurrence of lower extremity injuries in young taekwondo athletes, a significant portion
of the country's sports community. Therefore, the aim of this study was to investigate
changes in static and dynamic balance and the accuracy of knee and ankle joint
proprioception as some of the most important intrinsic risk factors for lower extremity
injuries in adolescent taeckwondo athletes.

Methodology:

This study is a quasi-experimental design. The research design was a single-group pre-
test and post-test with the intervention of a fatigue protocol. The statistical population of
this study consisted of all adolescent male taeckwondo athletes aged 15-18 years in
Karaj. Twenty adolescent male taekwondo athletes were selected from the statistical
population as the research sample. The research process was conducted as follows:
After coordinating with taekwondo clubs in Karaj that participated in the Alborz
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provincial taekwondo league, 20 adolescent taekwondo athletes were randomly
selected based on the inclusion criteria. Individuals who signed an informed consent
form to participate in the study were included. All potential benefits and risks of
participating in the study were explained to the subjects and their parents. This research
adheres to the recommendations of the Helsinki Declaration regarding ethical principles
in research, and all ethical considerations were observed in the study. In the
measurement session, the subject was first asked to wear appropriate sportswear to
prepare for the relevant measurements. Then, the subject's anthropometric indices,
including height, weight, and body mass index, were measured. Afterward, static and
dynamic balance variables were measured using the stork standing balance test and
the Y balance test, respectively, and the proprioception of the ankle and knee joints was
measured using the photography method at angles of 10 degrees of dorsiflexion of the
ankle and 30 degrees of knee flexion. Then, the functional fatigue protocol was applied,
and the subject was asked to perform the protocol with maximum effort. After
completing the fatigue protocol, all variables measured before applying the fatigue
protocol were reassessed. To apply the fatigue protocol, the functional fatigue protocol
of taekwondo, whose effectiveness has been previously proven by Mirjani and
colleagues, was used (3). To investigate the intragroup changes in the research
variables in the pre- and post-test stages, the paired t-test was used. Also, in all
statistical analyses, the alpha level was considered less than 0.05.

Results:

A paired t-test was used to evaluate the effect of the functional fatigue protocol on the
research variables in the pre-test and post-test stages (intragroup changes). Descriptive
information about the research variables at different measurement stages, as well as

the results of the paired t-test, is presented in Table 1.
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Table 1. Descriptive statistics of the research variables in the pre- and post-test stages and the results of

the paired t-test (Mean * Standard Deviation)

Variable Pre-test Post-test t P
; 42+1.19 1.2+2.11 34.1 0.028*
Anterior 4.6 £7.67 4.4 £ 2.56 63.2 0.001*
Posterio-medial 57273 3.5+5.64 29.2 0.012*
Posterio-lateral 1.6+3.70 9.5+ 3.64 75.1 0.009*
Knee 6.0+ 3.3 8.0+ 8.5 49.3 0.003*
Ankle 40+£1.2 3.1+94 67.1 0.001*

*P <0.05
The results of the paired t-test showed that there was a significant difference between
the mean of all the variables in the post-test compared to the pre-test after applying the
fatigue protocol (P < 0.05). Specifically, static balance and dynamic balance (in all three
directions) decreased, and the error in reproducing the target angle in both the knee
and ankle joints increased.

Discussion:
The aim of this study was to investigate the effect of functional fatigue on some of the
most important intrinsic risk factors for lower extremity injuries, including static and
dynamic balance and the accuracy of knee and ankle joint proprioception in adolescent
taekwondo athletes. The results of the study showed that after inducing fatigue, the
variables of static and dynamic balance (in all three directions: anterior, posterio-medial,
and posterio-lateral) as well as the accuracy of knee and ankle joint proprioception of
the subjects were impaired, and the subjects obtained lower scores in the related tests.
In general, during fatigue, the sensory information received from afferent sensory
receptors is not transmitted well to the peripheral or central nervous system, and this
leads to errors in sending efferent motor messages. As a result, the muscles
responsible for controlling the movement of the target area are unable to control joint
stability, and this can impair overall body stability and consequently balance (29).
Previous research has also generally believed that fatigue reduces postural control and
balance (16, 17, 29).
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The induction of muscle fatigue reduces proprioceptive accuracy, creates movement
errors, increases the likelihood of losing balance, and consequently increases the risk of
lower extremity injuries (17). Balance, as an important variable in athlete performance,
is a significant issue related to the function of the sensory-motor system (36). Having
adequate balance, in addition to its role in the performance of professional athletes and
achieving success, also affects the incidence of lower extremity injuries; because the
lack of balance increases the possibility of movement errors and consequently the
occurrence of injuries (36). The ankle region, and especially the plantar region, is the
first part of the body that comes into contact with the ground, and maintaining an
individual's balance is largely related to the function of the muscles and joints of this
area of the lower extremity (13). On the other hand, because athletes have greater
movement needs and use their lower extremity muscles extensively during a training
session or competition, the likelihood of the adverse effects of muscle fatigue on an
individual's balance also increases (3, 11). This is especially important in taekwondo
athletes who perform most of their sports movements on the lower extremities.

Since balance and proprioceptive accuracy are known as two modifiable intrinsic factors
related to the occurrence of lower extremity injuries, special attention to these two
variables in athletes, and especially in adolescent athletes who are at the beginning of
their professional sports career, is necessary. Moreover, considering the results of the
present study, which showed a significant decrease in static and dynamic balance as
well as proprioceptive accuracy of adolescent taekwondo athletes after performing the
fatigue protocol, all coaches and athletes in this sport are advised to perform balance
exercises and improve proprioceptive accuracy in fatigue conditions, as well as to
benefit from conditioning exercises appropriate for adolescence, which, while improving
physical fitness, delay fatigue and the likelihood of injury in adolescent taeckwondo

athletes.
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