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ABSTRACT

Introduction and aim: Fatigue of injury-prone athletes and their placement in situations
such as performing shear maneuvers increases the risk of anterior cruciate ligament injury.
Therefore, this research aims to answer the question, does functional fatigue change the
effect of neuromuscular training on kinetic variables during cutting in injury-prone male
athletes?

Methodology: The current research is semi-experimental and was carried out in two
control and experimental groups as a pre-test and post-test design with and without fatigue
before and after neuromuscular exercises. 32 males student-athletes aged 18 to 25 with
trunk control defects were purposefully selected and randomly placed in the control group
(16 people) and the experimental group (16 people). The force plane was used to measure
ground reaction forces. Analysis of variance test was used for statistical analysis at a level
smaller than P<0.05.

Results: The results of the present study showed a significant improvement in ground
reaction force variables in the post-test of the experimental group compared to the pre-test
(P<0.05). While none of these variables had significant changes in the control group
(P>0.05).

Conclusion: It seems that doing trunk and hip neuromuscular training in athletes with a
trunk control defect leads to a significant improvement in the stability of the trunk control,
so in the conditions with and without fatigue, they were able to show a significant
improvement in the selected parameters of the ground reaction forces. Therefore, this
training method can probably be recommended as a beneficial method for athletes and the
mentioned conditions
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Extended Abstract

Introduction and purpose:

One of the most common injuries during sports activities is non-collision injury of the
anterior cruciate ligament (1), which can occur during movements such as deceleration,
landing, change of direction of movement, or shearing movements (2). In this regard,
improper control in the central region and a defect in the ability to divide forces cause
abnormal trunk movements, especially in the frontal plane, along with an increase in
ground reaction force and valgus in the knee joint (11). In this regard, Mohammadi et al.
(2019) stated in a study that the prevalence of trunk control defects in the male athletes
studied was 26% and recommended the need to pay attention to prevention and
rehabilitation programs for this defect (12). On the other hand, various factors such as
fatigue can cause dysfunction in muscle function, coordination, timing, and activation,
which ultimately leads to defects in movement patterns (13).

Therefore, despite the necessity of paying attention to modifiable risk factors and
considering the main variable of trunk control deficit, along with the importance of using
neuromuscular training in preventing anterior cruciate ligament injury, so far in the studies
conducted (26, 25, 24), the issues expressed in fatigue conditions have been less
addressed (26, 25, 24). Therefore, the researchers in the present study are seeking to
answer the question of whether functional fatigue changes the effect of neuromuscular
training on kinetic variables during cutting in male athletes prone to injury?

Materials and methods:

The method of the upcoming study was determined as a quasi-experimental and applied
type with a pre-test-post-test design with a control group. Participants: All participants
were informed about the purpose of the study, methods, duration of participation, benefits,
risks or complications, voluntary nature of the study and confidentiality of data and signed
an informed consent form before starting the study. Also, the present study tried to comply
with the ethical principles mentioned in the 2008 Declaration of Helsinki Ethics and its
generalities were approved and registered by the National Ethics Committee in
Biomedical Studies under number IR.SSRC.REC.1401.032 on 31/2/1401. The statistical

population of the present study included all male student athletes (in handball, basketball,
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and soccer who had trunk control deficits) at Kharazmi University. 32 eligible male
athletes from the aforementioned statistical population were selected purposefully and
randomly into two control and experimental groups (16 people in each group) as a
statistical sample, using GPower software with a statistical power of 0.8, alpha of 0.05,
effect size of 0.28, and considering a 10% dropout rate, the mean and standard deviation
of the population and the statistical sample of the variables under study were selected
based on previous similar studies for a research design of analysis of variance with
repeated measures (30).

The inclusion criteria for the study included: male student athletes (handball, basketball,
and soccer) at Kharazmi University, with trunk control deficits (jump-tuck test), being
between 18 and 25 years of age, having continuous sports activity based on the Beck
questionnaire (score 13 to 15). Being in the second category according to McKinney
criteria and being competitive athletes (based on which athletes exercise more than six
hours per week, three sessions per week, each session lasting two hours or more, and
were prepared to participate in official competitions) (31). Having a body mass index
within the normal range (18.5-25). The exclusion criteria also included: participating in an
injury prevention training program in the past 6 months. Having a history of injury in the
trunk and lower extremities in the past year. Having lower extremity abnormalities
(crossed knee, bowed knee, retroverted knee, and flat feet) that could be detected by
visual assessment. The presence of pain at the time of the study or a history of surgery
in the trunk and lower extremities. The presence of a history of vestibular, inner ear, and
ligamentous injuries in the lower extremities in the past year (32), the subjects’
dissatisfaction and unwillingness to participate in the research process, the absence of
two consecutive sessions and three non-consecutive sessions in the exercises.
Incompatibility with the exercises and fatigue protocol. Accordingly, the call to participate
in the study and screening of the subjects was made between October and November
1401. The pre- and post-test of this study, along with the neuromuscular exercises and
the fatigue protocol, were also conducted between December (pre-test) and March (post-
test) 1401 in the Mofaqqian Laboratory of Sharif University of Technology (pre- and post-
test with and without fatigue) and the Pahlavan Hall of Kharazmi University (six weeks of

https://jsmt.khu.ac.ir/
90



Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

neuromuscular exercises that were performed on the experimental group in the two
months of January and February). Finally, 1 and 2 subjects from the experimental and
control groups, respectively, were excluded from the study due to non-compliance with
the aforementioned criteria. In the final analysis, the experimental group participated in
the pre- and post-test with and without fatigue after six weeks of neuromuscular training.
During this period, the control group also engaged in their daily activities (in fact, subjects
from both groups first participated in the pre-test with and without fatigue. Then, the
training group performed neuromuscular training for six weeks. During this period, the
control group simply had their daily activities. After the completion of the six-week period,
both groups participated in the pre-test with and without fatigue again).

Exhaustion Protocol: This protocol was adapted from the Functional Agility Exhaustion
Protocol of Lucci et al. 2011, incorporating a combination of various agility and jumping
movements to mimic the multidirectional changes of direction and sprinting patterns that
an athlete performs during a competitive race. Each athlete was required to perform 4
sets of the protocol without rest between them (this protocol lasted approximately 5
minutes for each subject) until reaching the threshold of exhaustion using the Borg scale
and Polar heart rate sensor (subjects with a score below 15 would continue for a few
more sets until reaching the threshold of exhaustion of 15) (24).

Training protocol: The training program was derived from the research work of Mayer et
al. in 2008 and was used for 6 weeks (in 18 training sessions). These exercises were
performed with steppers, body weight, and medicine balls, Swiss balls, and Bosu balls.
Each training session lasted about 30 minutes, including a 10-minute initial warm-up and
final cool-down. These exercises were designed in 5 phases, such that at the beginning
of each phase, the exercises were performed in a simple manner and with a lower volume,
as well as with both legs, proper technique, and relative ease. Subsequently, based on
the ability and performance of the subjects, the techniques and movements gradually
progressed and became more difficult. When the trainer was confident in the athlete's
efficiency and skill in performing individual techniques, the subject advanced to the next

phase. The subject had to perform the exercises at the specified volume and intensity
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with proper technique, and whenever necessary, he had to perform the exercises with
feedback to perform the proper technique (35).

Results:

Analysis of variance analysis of within-group changes in ground reaction forces of the two
control and experimental groups in conditions with and without fatigue is presented.
According to this table, within-group changes in pre-tests with and without fatigue
compared to post-tests with and without fatigue in the stability variables in the anterior-
posterior, medial-lateral, vertical directions and time to reach total stability, maximum
anterior-posterior, medial-lateral and maximum vertical force, time to reach peak force
(milliseconds) and loading rate (Newton) are significant (P<0.05). This is while the
changes in the aforementioned variables in the control group are not significant (P>0.05)
The analysis of variance of the intergroup changes in ground reaction forces of the two
control and experimental groups in conditions with and without fatigue is presented.
According to this table, the intergroup changes in the pre-tests with and without fatigue in
the stability variables in the anterior-posterior, medial-lateral, vertical directions and time
to reach total stability, maximum anterior-posterior, medial-lateral and maximum vertical
force, time to reach peak force and loading rate are not significant between the two groups
(P>0.05). This is while the changes in the aforementioned variables in the post-test
between the control and experimental groups are significant (P<0.05).

Discussion:

The aim of the present study was to investigate the effect of functional fatigue on the
change in the effectiveness of neuromuscular training on ground reaction forces in male
athletes prone to injury during cutting. The findings of the present study indicate that
performing neuromuscular training of the trunk and thigh in male athletes with trunk
control deficits in conditions with and without functional fatigue is likely to cause significant
changes and improvements in kinetic variables including time to reach stability in the
anterior-posterior, medial-lateral, vertical directions and time to reach total stability,
maximum anterior-posterior, medial-lateral and maximum vertical force, time to reach
peak force and loading rate) in the pre- and post-test of the experimental group (P<0.05).
In contrast, none of the aforementioned variables in the pre- and post-test of the control

https://jsmt.khu.ac.ir/
92



Research in Sport Medicine and Technology, Volume 23 - Issue 29 / 2025

group in different conditions with and without functional fatigue had any significant

changes or improvements (P>0.05).
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