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ABSTRACT

Since fatigue in different regions of the lower extremities can effectively alter the
~ movement pattern of this part of the body and cause joint-related kinematic changes that increase the
Received: 21 Jan 2020 ¢ risk of injury and mental fatigue, which may be a factor in reducing productivity and injury. Therefore,
Accepted: 18 Aug 2020 ¢ the study of kinematic changes during fatigue can have helpful results. This study aimed to investigate
: the effect of lower extremity fatigue on knee joint kinematics during landing in adult soccer players.
[VETELEE Ten adult male soccer players (Mean%SD = age: 20.7+1.05 years; Height: 178.9+4.17 cm;
Weight: 71.5518.04 kg) participated in this study. Subjects performed a pre-test, which included jump-
ing and landing on a 40-cm box, and recording cameras of the valgus motion analyzer, flexion, and knee
rotation. The Kingtools section of the plugin software attached to the Cortex software was used for seg-
mentation and kinematic information. The lower extremity fatigue protocol consisted of 10 repetitions
of single-leg squats up to 90 degrees of knee flexion, 20 vertical jumps with a single leg, and 1 repetition
of step —going up and down a 31cm step. The Borg scale was used to measure fatigue. Before and after
the fatigue protocol, a single-leg hop was used to determine the level of fatigue. After the fatigue proto-
col, a post-test was performed. Data were analyzed using the Shapiro-Wilk test for normality of the data,
and paired t-test was used to compare mean in pre-test and post-test independent variables.
(ST The paired t-test results for comparison of kinematic data showed that contact flexion had a
significant difference from pre-test to post-test and other kinematic variables had no significant changes
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Keywords: from pre-test to post-test. Statistical significance was considered at P<0.05.
Kinematics, Fatigue,  :  [@aatay According to the findings of this study, it can be concluded that lower extremity fatigue in
Landing, Soccer player the present study partly caused kinematic changes in predicting ACL injury. Kinematic changes have

included a decrease in Contact flexion, which is one of the predictors of ACL injury during landing.
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1. Introduction

One of the most common injuries in

sports is Anterior Cruciate Ligament

(ACL) rupture. Research shows that non-

contact mechanisms cause about 70% of

ACL injuries. Also, the video images show

that the probability of ACL rupture of athletes during land-
ing and cutting movements is higher than forwarding move-
ments and, of course, other movement maneuvers. Recogniz-
ing risk factors is the first step in controlling and preventing
sports injuries. Fatigue refers to a temporary decrease in the
ability to produce strength or power during sports activities.

Fatigue is one of the factors that can lead to ACL injury. Fa-
tigue is thought to reduce muscle strength, and consequently,
negative changes in the kinematics and kinetics of the hip,
knee, and ankle joints, and may increase the pressure on the
ACL during dangerous movements such as cutting or land-
ing lead to injury Increase. Fatigue is one of the factors that
can play an essential role in the performance of footballers
during their activity to perform their best performance and
effort and even cause serious injury to the athlete. Accord-
ing to research conducted in the final minutes of a football
match, especially in the last 15 minutes of each half, injury
prevalence is very high, and many researchers believe that
most ACL injuries can be prevented by changing the biome-
chanics of movement in the athlete.

Reducing the flexion angle of the knee joint along with
increasing quadriceps muscle activity simultaneously puts
more shear force into the ACL, which increases the likeli-
hood of rupture. This study aimed to evaluate the effect of
lower extremity fatigue on knee joint kinematics during
landing in adult footballers.

2. Methods

The method of the present study, considering the appli-
cation of the intervention variable, is to select the subjects
purposefully based on the criteria of entry and exit of the
pre-experimental type. The statistical population of the pres-
ent study was adult male football players working in clubs
in Tehran province in the age range of 19 to 23 years. The
samples of this study were purposefully selected from 10
members of the mentioned community and were included in
the $tudy based on the inclusion criteria. After being selected,
the participants went to the laboratory of Shahid Beheshti
University and entered the experimental stages after register-
ing their details. Before performing the test, each subject per-
formed a warm-up for 5 minutes.
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To perform the landing test, the subject stood on a box 40
cm high and landed on the ground with a pair of feet at the
examiner’s command. Each test records the correct landing
task three times. Kinematic data collection of the present
study was performed using a 3D motion analyzer (7 cam-
eras) motion analysis made in the United States. Data were
collected at a sampling rate of 240.

Helen Hayes marking method was used to select land-
marks for pasting infrared markers. Marking was performed
before the test, and after the pre-test, the subjects performed
the lower extremity fatigue protocol. The measured kine-
matic variables included valgus, flexion, and knee rotation at
initial contact and peak flexion. The lower extremity fatigue
protocol consisted of 10 repetitions of one-legged squat up to
90 degrees of knee flexion, 2 vertical jumps with a maximum
of one leg, and 20 repetitions of step up and down a 31-cen-
timeter step. This set of exercises was a set of protocols. The
subject was asked to express fatigue level between each set
using a scale of 0 to 10 Borg. When a person announced the
number 10 after a few sets, he was given a Single Leg fore
distance test to ensure fatigue.

Before and after the fatigue protocol, the subjects performed
a single-leg for distance test to determine the amount of dis-
tance, which was a criterion for measuring fatigue. In this
study, the Kintools section of the plugin software, attached
to the Cortex software, was used for segmentation and ki-
nematic information. After collecting data, the Shapiro-Wilk
test (for statistical samples less than 50 people have a higher
statistical power) to examine the natural distribution of data,
paired t-test was used to compare the mean in pre-test and
post-test independent variables. A statistically significant dif-
ference was also determined at the level of P<0.05.

3. Results

The results of Shapiro-Wilk test showed a normal distri-
bution of data (P>0.05). The paired t-test to compare the
data showed that the initial contact flexion had a significant
difference in pre-test and post-test, and other kinematic
variables did not have significant changes in pre-test and
post-test stages.

4. Discussion and Conclusion

The present study results showed that initial contact
flexion decreased significantly after applying fatigue pro-
tocol, and other kinematic variables did not show signifi-
cant changes. These results indicate that lower extremity
fatigue caused a change in knee flexion angle during ini-
tial contact and a significant reduction in knee flexion at
the initial contact on the left leg after applying fatigue pro-
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tocol in the muscles of the lower extremities. Changes in
body position on the sagittal plane affect the biomechan-
ics of the trunk and lower extremity and the activation
of the lower extremity muscles. Landing with a smooth
posture increases the reaction force of the ground, the
maximum torque of the knee openers, and the activation
of the quadriceps muscles while reducing the flexion an-
gle of the knee and reducing the torque of the thigh exten-
sors. Increases the load on the anterior cruciate ligament.
Fatigue is a neuromuscular factor that has been linked to
knee injuries, according to previous research. Conclud-
ingly, the cause of fatigue through kinematic changes in
the lower limb joints, especially in the knee joint in the
form of reduction (knee flexion) and increase (knee val-
gus) knee movements in the frontal and horizontal planes
can provide an injury mechanism, especially for ACL.
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