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Abstract

In order to study the effect of basketball athletes on the action of fast stop jump after fatigue, the
dynamic characteristics of lower limbs during the rapid stop jump shot under fatigue were discussed by
means of experimental analysis in this paper. 12 basketball professional athletes in a sports institute
were selected. Fatigue test was conducted with continuous running and jump. A special motion capture
and mechanical three-dimensional tester was used to collect the kinetic data of the subjects. The results
show that the indexes of the athletes in the take-off stage, the flying stage and the landing stage have
significant differences before and after fatigue. After the fatigue of the athletes, the ankle augmentation
rate decreases, so the dynamics characteristics weaken. Because of the great internal and external shock
of the ankle joint before landing, the risk of injury is relatively large. After fatigue, it is suggested that
the basketball players reduce the knee joint torque and the lower limb gravity, which may reduce the

risk of injury.
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Introduction

The sport event that a basketball player is engaged in is
considered as a group project in the field of kinematics.
Because of its complexity, athletes are more confrontational in
the process of competition. Therefore, in such a relatively large
load of economic environment, basketball players are often in a
state of fatigue, and are likely to suffer from occupational
diseases [1]. According to the professional pathological
investigation data after the match, the fatigue injury time of the
basketball players is usually in the last section. This is because
at the end of the game, the activities of basketball are in a
period of reduced physical fitness, and the chances of fatigue
injury are greatly increased. The intense basketball competition
has great impact on the physical and psychological impact of
athletes. The proportion of fatigue damage accounted for 53%
of the other injuries, and the daily training ratio was 27%.
Therefore, besides the required competition, the basketball
players should also carry out daily basic training [2]. The stop
motion control ability and movement pattern of basketball
players are highly demanded. Bone, muscle and nerve reaction
system of athletes are more sensitive to fatigue damage. The
kinematic parameters of the lower limb of the human body are
affected by the fatigue of the joints, and the joints tend to
become more relaxed. It is difficult for the athletes to find such
fatigue damage during the competition. In the literature reports,
most of the discussion is about the movement patterns of the
athletes' fatigue damage. The mechanism of the local muscle
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movements of the basketball players is analysed, but many
studies are still limited. The technical movement specification
that can be analysed to the ground after the take-off stage, and
it does not involve the analysis of special technical movements
[3]. This study aims at the professional technical actions of
basketball players who do stop jump shot after the fatigue,
which is close to the actual competitive state. It can provide
data support for the athletes' training and competition in the
future.

Basketball players have a feeling of tiredness in the
competitive state. However, it is easy for athletes to ignore the
fatigue discomfort in the fierce confrontation. Therefore,
fatigue damage has a slow development process. Once more
than the body's damage, fatigue tolerance accelerates the rate
of damage [4]. When impact accelerations and loads are
excessive relative to the strength of the tissue, they may cause
a number of musculoskeletal overuse injuries, including stress
fractures [5], osteoarthritis [6], and articular cartilage and joint
degeneration [6,7]. Given that the body attempts to attenuate
such impact accelerations using various neuro-muscular and
joint kinematic control strategies [8], there is a potential to
increase the risk of injury when the neuromuscular system is
fatigued [9,10]. For basketball athletes, the ability of running
and jumping of lower limbs is very important. A good
footwork is required for an athlete's change direction, turn
around, and basic defensive movements. Without excellent
athletic ability, the basic movements of basketball are
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incomplete. In the actual competitive process, the mechanism
of the movement pattern of the lower limb is not clear. As a
result, fatigue damage continues to occur, but controllable
methods are not supported by scientific theories [11]. How to
save the physical strength of athletes to play the best
competitive state, and how to reduce the amount of physical
energy consumption, are the scientific research topics in the
future planning and construction of the field of basketball
kinematics. This research inherits the basic achievements of
previous studies. On this basis, the author makes the analysis
of the technical movement and the kinematics characteristics of
the stop jump shot of basketball, and analyses the
corresponding relationship between damage and fatigue. It is
hoped that the research conclusions and data can provide a
theoretical basis for the formulation of a better plan for
basketball physical fitness training [12]. The research content
of this paper is the construction and research of the stop run
jump fatigue model of the exhibition basketball players. The
kinetic characteristics of fatigue before and after the jump stop
movement are collected to measure and analyse the kinetic
data of knee joint angle after fatigue damage and moment, so
as to provide help for the basketball competition and training
injury prevention (Figure 1).

vt

r—

Figure 1. Basketball jump shot technical action shows the effect
diagram.

Experimental method on the effect of stop jump shot
based on kinematic fatigue of basketball players

The subjects selected were 12 basketball professional athletes
at a sports university. The level of athletes was the national
second class athletes. Before the experiment, the subjects were
screened to ensure that athletes did not undergo training or
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strenuous exercise within 24 h before the experiment, and there
was no obvious occupational injury in the lower limbs for 6
months. Table 1 shows the basic information for the subjects.
They were about 20 y old, the height was about 180 cm and the
weight average was about 75 kg. The training time for
basketball was about 5 y.

Table 1. The basic information of the object of study (n=12).

Agely Height/cm Weight/kg Training timely

20+15 1792 746 £3.2 51+£15

Aiming at the kinematics data acquisition of athletes during the
experiment, the MAR infrared high-speed information
capturing and collecting system was used. The upper bound
data acquisition frequency was about 200 HZ. The force of the
lower limb was indirectly obtained by measuring the reaction
force of the ground. By using a dedicated force measuring
device, the limit frequency of data acquisition was 1000 HZ.
The basketball box used during the experiment was the basket
used in the CBA league, and the basket used in the League was
highly consistent with the height of the actual event. Figure 2
shows the basket used for the test.

BE 1 www.nipic.com
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Figure 2. A standard basket used to jump jumpers after fatigue tests.

The model of kinematic fatigue was modeled according to the
acquired data. Chappell model was used to analyse the effect
of lower limb fatigue on the performance of athletes. This was
because the above research model could simulate the
basketball starting, sprinting, and jumping repeated movement,
which was basically consistent with the actual intensity of
basketball training and competition. Sprinting, jumping, and
fatigue producing athletes found that take off height was 75%
of the initial state, and that athletes were already tired. The
design and completion of the fatigue condition first ensured
that the experimental personnel were sent from the initial
position to the other take-off site. Athletes took off 5 times in
the take-off position, and then returned to the initial starting
point. During the take-off stage, the right hand needed to touch
the mark. The repetition of the cycle was repeated, and the
final acceptance test that athletes could not touch 75% of the
original height was appropriate. Figure 3 shows a detailed
schematic diagram of the fatigue model.
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Figure 3. The fatigue model uses specific diagrams.

After passing the above fatigue pre-treatment stage, the test
athletes needed to do the technique of stop shot jump. Subjects
were asked to move forward at the position 8 meters away
from the test system. Both feet were needed to step on to test
the take-off power. After the emergency take-off, double feet
were placed on the test table. The players needed to dribble as
fast as possible to ensure high accuracy, and as much as
possible for high jump. The experimental data was collected
for only 3 times. The player finished the set of three jump shot
techniques. After the model was processed, three data
acquisition tasks were completed repeatedly. There was a
difference in the dynamics data of the lower limbs before and
after the fatigue. Figure 4 shows a flow chart of a test of stop
jump shot technique for a basketball player before and after
fatigue in this study.

Biomechanical test Fatigue model Stop-jump shot test

l

Five consecutive
jumps

Figure 4. A flowchart of the test of the fast jumping jump shot.

The CORTEX model was used to process the dynamic data of
the athletes, and the ground reaction force was indirectly
detected. The feet began to touch the ground vertically. When
the force of the ground was greater than 10 N, it started. When
the afterburner was less than 10 N, leave the time as the count
of time. The torque of lower limb joint was deduced by inverse
dynamics method.
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The central values of the ankle and knee were calculated by the
Bell formula. The unit vector of the three directions of the hip
on the right was calculated with the expression as follows.

. R.ASIS — Mid.ASIS - )
JHR = R.ASIS — Mid . ASIS|

(V.Sacral — Mid. ASIS) x Jur

Fip = |v.Sacral — Mid . ASIS) x  j | —@

The athletes focused on lateral ankle joint. The internal and
external points of the ankle were the center of the test. During
exercise if taking into account the actual state, it was likely to
cause the lack of the medial malleolus movement position data.
After the static calibration, the local coordinate points were set
up at the center of the joint, and finally a coordinate system
could be converted.

The unit axial expression of the thigh was expressed as:

__ R.Ankle.]JC —R.Knee.]C
KR shank = TR ankie JC—R Knee.jc] > (3)

(R.Ankle — R.Knee.JC) X k

R.Shank N (4)

jR.Shank =
|(R.Ankle—R.Knee.]C) X kR.Shank

The axial vectors of the kinematics data of the athlete's right
leg were calculated and expressed similar with Formulae 1~4.
In order to calculate the static moments of the knee and hip
joints, the inverse kinematic mechanical method was used.
According to the order of separation, considering the distal
data, the proximal joint torque was in the opposite direction to
the force. The stop jump shot of basketball players was divided
into the stop stage, jump stage, aloft stage, and landing stage.
The maximum bending condition of the two feet landing was
the focus of the test. Figure 5 shows the dynamic parameters of
each stage of a basketball player's stop jump shot technique.
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Figure 5. Schematic diagram of biological parameters of rapid stop
Jjump shot.

Finally, the data acquisition and the data after the model
processing needed to be verified by T comparative analysis, to
distinguish whether the data had significant difference (P was
less than or equal to 0.05) and the software used was SPSS.

S748

Special Section: Advances in Health Science and Biotechnology Application



Results and Discussion

Experimental results

When the technical action of the stop jump shot completed to
contact with the ground, the joint position of the lower limb
was in a bending state. After landing on both feet, the knee was
slipping before fatigue. The knee joint bending angle of both
sides of the basketball player in the state of rapid stop was in
the trend of increasing. The bend of the ankle was in order to
cushion the landing after take-off and the reaction of the
ground to the body. As can be seen from Figure 6, there was no
significant difference in the angle of action between the hip
joint and the knee joint before and after the fatigue test. This
was because the ankle was deflected outward, but the outward
deflection of the ankle of the athlete was increased after the
fatigue test. There was no significant difference in the angle of
torque between the athletes' frontal states and plane medial
angles. After knee fatigue, the outward rotational moment
decreased, while the ankle joint was the opposite. The internal
force moment tended to decrease before fatigue test.

—=&— Before fatigue
®  After fatigue

Ankle angle/angle

T
80 100

Percentage/%

Figure 6. The state of curvature of the joint before and after fatigue.

When the athletes were in the flying stage, fatigue test of the
body had a negative effect on hip joint, but there was no
significant difference of knee joint. The ankle joint bended to
the inside in the flying stage, and the fatigue test played a
negative role (Figure 7).

The bending angles of the lower limb joints of the athletes at
the 80 ms moment before landing were measured. As we could
see in Figure 8, the athlete's hip was most affected by the
fatigue test, and the knee joint was slightly less affected by the
fatigue test, and the ankle joint also had a slight effect. The
results of the test showed that when the body lost its steady
state and gradually showed fatigue, it automatically balanced
itself through the sagittal plane of the body. In this state, the
hip and ankle joints of the lower extremity played a crucial role
and the ankle played a supporting role at this time.
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Figure 7. The biological parameters of the lower limbs in the empty
stage before and after fatigue (n=12).
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Figure 8. The bending angle of the lower limb joint at the 80ms
moment before and after the fatigue landing.
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Figure 9. Kinematics parameters of lower limbs at landing stage
before and after fatigue.

At the landing stage, the impact of hip joint on fatigue test was
greater, and the knee joint and ankle joint were less affected.
Therefore, the fatigue test resulted in a decrease in the buffer
balance ability of the athletes. When the medial torque of the
hip joint, the medial torque of the knee joint and the medial
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force of the ankle joint were subjected to fatigue impact, the
kinematic parameter values were reduced (Figure 9).

The stop jump shot techniques of basketball required the
balance of the hip joint in the take-off and landing stages.
Therefore, the degree of fatigue of hip joint was larger than
that before fatigue. No significant difference was found in the
landing stage after take-off. This showed that the hip could
provide the body with pre alert state of fatigue, and the body
had enough time and space to make adjustments (Figure 10).
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Figure 10. The bending angle of the hip joint before and after fatigue.
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Figure 11. Bend angle of ankle joint before and after fatigue.

Before the landing, the bending angle of the ankle joint of 80
ms was significantly different from that of the fatigue test.
However, when both feet landed, there was no significant
difference in ankle flexion. After landing, the extremum was
weakened. After fatigue tests, the force of the human body on
the ground decreased. If there was strong contact with the
ground, it was easy to suffer from chronic sports injuries
(Figure 11).

Discussion

Stop jump shot is the basic technique of basketball, and it is a
basketball skill that combines basketball dribbling, turning,
stopping, jumping and shooting. This technique can basically
sum up all the basic skills of basketball, and it is also used by
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the basketball players in the arena [13]. The stop jump shot can
reflect the fatigue damage status of an athlete's field. In
basketball match, shooting technique is the main means of
scoring. The scoring at the crucial moment depends largely on
the accuracy of the shot. Whether the jump shot technique is
stable or not has played a key role in the success or failure of
many basketball matches. Basketball jump shot is divided into
three stages of technical action. The first stage is the take-off
stage, the second stage is the flying stage, and the third stage is
the stage of landing buffer [14]. Jump shot requires take-off
height as high as possible, and the faster the starting rate the
better. This avoids the cover area of the defender. With the
longer time, there will be the better the quality of finished shot
action. The longer the stay in the air, the better the shooting
rate will be. Landing on your feet, you can give your body a
great deal of cushioning through your knees and ankles [15].
Each stage of the basic technical action of jump shot needs for
precise control, to improve the shooting rate and reduce the
chance of injury [16]. The concept of kinematic fatigue mainly
refers to the fact that the body function of an athlete cannot
maintain normal physiological needs, and exercise fatigue may
cause muscle weakness. It can be seen from previous reports
that exercise-induced metabolic enhancement is an inductive
factor in sports fatigue.

According to the research on the movement mechanism of
basketball, the existing research shows that anaerobic oxidation
projection provides the basic motive power source for ATP-CP
system. In the actual basketball match, athletes use oxygen free
energy when they play on the court, the general proportion can
be close to 88%, and the aerobic system provides about 12% of
the function [17]. Anaerobic respiration, which provides
athletes with a great deal of functionality, results in a great deal
of lactic acid production. The pH of an athlete's body is acidic.
In the course of athletic competition, the athletes are in a state
of acid-base imbalance. If the athletes sweat badly on the floor,
it can also cause electrolyte and water loss. With the acid-base
imbalance in the body and the loss of electrolytes, muscle
recovery is reduced and dysfunction, which is what we call
"cramps". At this time, the level of athletes' sports is obviously
decreased, and the possibility of fatigue injury is greatly
increased [18]. The general athlete's fatigue imbalance
calculation model is divided into partial functional decline and
overall muscle application disorder. Partial muscle weakness of
the body can be detected on a dedicated isokinetic
dynamometer, and isokinetic muscle force testing is performed
on a dedicated isokinetic dynamometer [19]. In the overall test,
the subjects run 5 times in a row for 30 s. After arriving at the
destination, they took off for 5 times, and then sprint back to
the origin. After such repetition, the subjects will feel unable to
complete the movements behind, which generate the so-called
fatigue.

Fatigue caused by sports has great influence on Athletes'
physical function, mainly on the reaction of athletes' bones and
muscles, and on the delayed transmission of the nervous
system. Neural control of the entire muscle is affected by
exercise fatigue [20]. After fatigue, the self-control ability of
the athletes decreases, and the fatigue and laxity of the knee
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joints are more obvious. Therefore, the sense of balance of the
body is seriously decreased, and fatigue leads to great
correlation between the neuromuscular controls of the athletes.
Especially when a basketball player falls to the ground after
take-off, the center of gravity of the body is constantly
changing. At the time of landing, the yield angle of the hip
joint decreases and the risk of injury is greater [21]. The study
of the hip joint for the fatigue damage of basketball is rare.
Many studies have been done on the knee and ankle joints.
This is because many researchers have not studied and
dissected the basic structures of the hip joints [22]. The hip
joint is the most stable structural form in the joint structure of
the human body. It is stable and difficult to dislocation. Figure
1 is a sketch map of a basic basketball stop shot jump shot. But
the structure of the human body is an organic body of
circulation and a chain of motion. After completing the basic
jump shot of basketball, a closed loop movement structure
must be formed. Therefore, the joint has a profound negative
impact on the overall movement of athletes. When a basketball
player takes off the jump shot, the maximum load on the tibia
of the body is the shear stress, and the outer angle of the knee
joint of the lower limb rises and the curve angle decreases.
Finally, when fatigue occurs, the outreach of the joints is
generally stretched outward. Therefore, these biological
characteristics may be the components of damage [23].

The literature on fatigue, kinematics, and dynamic damage
shows that when athletes take off, the limiting torque of the
knee joint decreases and the maximum angular rate of the joint
reach a low rate. Female athletes need more control in this
respect. In the process of completing the jump shot of
basketball players, the common problem of fatigue injury is the
ligament rupture on both sides of the ankle joint [24]. From a
biomedical point of view, the ligaments on both sides of the
ankle are the weakest. Due to the relatively large range of
mechanics used, relatively weak of muscle strength on both
sides of the long muscle and the fatigue of athletes, the
possibility of strain on both sides of the ankle is greatly
increased. The range of nerves that the muscles of the body can
control is based on the performance of the body. Feedback
shows that the joints of the body are stable and the chances of
fatigue are less likely. But it can be dangerous if it does not
meet the buffering effect of protecting the joints of the body
[25]. Early studies showed ankle sprains that were caused by
an excessive reflex arc in athletes. Later research results have
refuted the above analysis results. In the case of dynamic
instability, the pre mechanism is an important result of neural
feedback. There is no consistent view about the mechanism of
fatigue before landing. Therefore, we cannot completely draw
a conclusion that fatigue is likely to cause the ankle joint
failure [26]. Some scholars believe that when the players do
jump shot, the reaction mechanism of the peroneal muscle is
inconsistent at the landing time. The posterior non-muscle does
not decrease, and the posterior peroneal muscle shows
decreased response. The overall movement coordination
pattern produces the local disturbance, and the nerve has not
enough control to the muscle.
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In order to ensure accurate basketball hit probability as much
as possible, athletes usually increase the force to achieve the
highest possible bounce height at the take-off stage, which
requires a high degree of muscle elasticity for athletes. When
leaving the ground, the hip and ankle bending angles of the
body are not affected by the fatigue test. In addition, the force
of the lower limb of the athlete is not affected by fatigue and
the impact is too great. Therefore, the bending angle of knee
joint is smaller than that before fatigue test. In order to obtain
the maximum take-off height, the athlete needs to get the
maximum initial velocity of the vertical ground, which requires
the athletes to have large vertical upward explosive force.
However, after fatigue test, the muscles of the subjects are
affected by lactic acid, the strength of which is obviously
insufficient, and the explosive force of the lower limbs drops
seriously. Therefore, the distal end of the motor chain of the
lower limb cannot form a significant closed loop. The initial
take-off speed decreases along with the effects of fatigue, and
the time is reduced accordingly. In this paper, the kinematic
characteristics of the lower limb of the experimental object
were studied, such as the front 80 ms of the falling contact
ground and the time of contact with the ground. It was found
that the bending angle of the hip joint increased, the ankle joint
was smaller, and the knee joint was not affected by fatigue test.
The effect of kinematic fatigue damage on the rapid stop and
jump shot technique of basketball players was mainly
manifested in the biomechanical characteristics of the joints of
the lower limbs. At the moment of landing, gravity gave the
body an obvious advantage of ankle joint, and the bending
angle of the hip was weakened for compensating for knee
flexion. The lower joint was subjected to a great deal of ground
reaction in contact with the ground, so the hip and ankle
needed a bend to supplement the rest of the offset.

Conclusions

This paper showed that in each stage of the stop, the kinematic
parameters do not change significantly before and after the
fatigue test; in the take-off stage, the bending angle of the knee
joint decreases because of fatigue, and the upward vertical
explosive force of the body decreases; the landing stage
increases the chance of injury to the medial bend of the ankle
joint, which allows the body to fall on the floor, reduce the
medial torque, and maintain a balance. The quality of the
technical movements of the athletes after fatigue test has been
analysed. However, the specific shot jump rate has not been
statistically analysed, which needs to be strengthened in the
follow-up research.

Ethical Considerations

The study was carried out in compliance with the Declaration
of Helsinki of the World Medical Association, and according to
a protocol approved by Medical Ethics Committee of Dalian
Maritime University. The objectives of the study were
explained to the study participants and verbal consent was
obtained before interviewing each participant.
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