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ABSTRACT

Introduction: Shooting is a technical sport demanding much control and accuracy from the athletes.
Physical fitness is a critical factor for the sport’s skill level, and it is believed that functional training can
effectively improve the shooter's technical level, ensuring greater athlete stability. Objective: Analyze the
results of functional abdominal core physical training on the grip stability of sport shooters. Methods:
Random sampling was used to select 26 volunteer shooters as research pairs. An intervention trial was
conducted for eight weeks of functional physical training with these athletes. The subjective perception
scale of RPE and the exercise intensity comparison table were used for analysis. Muscle contraction data
were measured at 3 s before target shooting. SPSS 19.0 software was used to statistically conduct a t-test
on the data collected before and after the experiment. Results: There were significant differences in muscle
stability and tolerance before and after physical training (P<0.01). The shooter's flexion stability before the
test was not as good as during relaxation. The reduced sustained distance before and after physical training
significantly improved the tolerance and stability of the abdominal core muscles. The average amplitude of
the biceps electromyography was statistically significant compared to before the test (P<0.05). Conclusion:
After eight weeks of functional physical training, the shooting stability of pistol shooters was significantly
improved. The lack of physical training, especially in the core abdominal muscles, negatively affects the
shooters' stability, limiting the quality of the sport. Level of evidence II; Therapeutic studies - investigation
of treatment outcomes.
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RESUMO

Introdug¢do: O tiro esportivo é um esporte técnico, exigindo dos atletas muito controle e precisGo. A aptiddo
fisica é um fator critico para o nivel de habilidade esportivo e acredita-se que o treinamento funcional possa
efetivamente melhorar o nivel técnico do atirador, garantindo maior estabilidade do atleta. Objetivo: Analisar os
resultados do treinamento fisico funcional do centro abdominal sobre a estabilidade da empunhadura dos atira-
dores esportistas. Métodos: Utilizou-se uma amostragem aleatdria para selecionar 26 atiradores voluntdrios como
pares de pesquisa. Um ensaio de interven¢do com esses atletas foi conduzido por oito semanas de treinamento
fisico funcional. A escala de percep¢do subjetiva da RPE e a tabela de comparacdo de intensidade do exercicio
foram utilizadas para andlise. Os dados de contracdo muscular foram aferidos em 3 s antes de atirar com mira.
O software SPSS 19.0, foi usado para conduzir estatisticamente um teste-t nos dados coletados antes e depois
do experimento. Resultados: Houveram diferencas significativas na estabilidade e na tolerancia dos mdsculos
antes e depois do treinamento fisico (P<0,01). A estabilidade de flexdo do atirador antes do teste néo foi tGo boa
quanto no relaxamento. A distancia sustentada antes e depois do treinamento fisico foi reduzida, a tolerancia e
estabilidade dos musculos do centro abdominal foram significativamente aperfeicoadas. A amplitude média da
eletromiografia do biceps foi estatisticamente significativa em comparagdo com antes do teste (P<0,05). Concluséo:
Apds oito semanas de treinamento fisico funcional, a estabilidade de tiro dos atiradores com pistolas foi significa-
tivamente melhorada. A falta de treinamento fisico, principalmente na musculatura do centro abdominal, afeta
negativamente a estabilidade dos atiradores, limitando a qualidade do resultado esportivo. Nivel de evidéncia ll;
Estudos terapéuticos - investigagdo dos resultados do tratamento.

Descritores: Condicionamento Fisico Humano; Desempenho Fisico Funcional; Centro Abdominal; Atletas.

RESUMEN

Introduccidn: El tiro es un deporte técnico, que exige mucho control y precision a los deportistas. La aptitud
fisica es un factor critico para el nivel de habilidad deportiva y se cree que el entrenamiento funcional puede mejorar
eficazmente el nivel técnico del tirador, garantizando una mayor estabilidad del atleta. Objetivo: Analizar los resultados
del entrenamiento fisico del niicleo abdominal funcional sobre la estabilidad de agarre de los tiradores deportivos.
Métodos: Se utilizé un muestreo aleatorio para seleccionar a 26 tiradores voluntarios como parejas de investigacion.
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Serealizé un ensayo de intervencion con estos atletas durante ocho semanas de entrenamiento fisico funcional. Para
el andlisis se utilizé la escala de percepcidn subjetiva del RPE y la tabla de comparacidn de la intensidad del ejercicio.
Los datos de la contraccién muscular se midieron 3 s antes del tiro al blanco. Se utilizé el programa informatico
SPSS 19.0 para realizar una prueba t sobre los datos recogidos antes y después del experimento. Resultados: Hubo
diferencias significativas en la estabilidad y tolerancia muscular antes y después del entrenamiento fisico (P<0,01).
La estabilidad de la flexion del tirador antes de la prueba no era tan buena como en la relajacién. La distancia
sostenida antes y después del entrenamiento fisico se redujo, la toleranciay la estabilidad de los musculos del niicleo
abdominal mejoraron significativamente. La amplitud media del electromiograma del biceps fue estadisticamente
significativa en comparacién con antes de la prueba (P<0,05). Conclusion: Tras ocho semanas de entrenamiento
fisico funcional, la estabilidad de tiro de los tiradores de pistola mejord significativamente. La falta de entrenamiento
fisico, principalmente en los mdsculos del nticleo abdominal, afecta negativamente a la estabilidad de los tiradores,
limitando la calidad del resultado deportivo. Nivel de evidencia II; Estudios terapéuticos - investigacion de los

resultados del tratamiento.

Descriptores: Acondicionamiento Fisico Humano, Rendimiento Fisico Funcional; Nucleo Abdominal; Atletas.
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INTRODUCTION

Shooting s the sport with the most technical content in competitive sports.
This sport requires high precision in the movements of the athletes. Body
balance is the key to improving shooting accuracy. Only when the shooter’s
body maintains enough stability can the athlete better grasp the shooting
opportunity. The stability of the body when holding the gun is directly related
to the stability of the gun. Special exercises for body stabilization during pistol
shooting help improve the stability of the firearm." In previous studies, people
often used Foots can balanee7.6 human type balancer to observe the swing of
the body’s center of gravity. The academics measured the electromyography
of the arm. Determination of the stability of shooters holding gun barrels with
a laser measuring instrument. This paper explores the correlation between
gun holding stability and motor performance. In this paper, the stability of
the gun-holding power of shooters is indirectly improved through functional
physical training? The research results of this paper have particular guiding
significance for the physical fitness training of gun shooting players.

METHOD

Research objects

This paper investigated a sample of 26 shooting athletes from the
Shooting Sports Administration.? The primary data of 13 men and 13
women are shown inTable 1.

Investigation method

This article uses an 8-week functional fitness training interventional
trial# Experiments were conducted from March to April 2020. This paper
used the RPE subjective sensory scale and the Meto-exercise strength
comparison table to monitor the training effect.

The evaluation indexincludes 5. The body movement evaluation indicators
include FMS functional movement screening, OSW lower back and leg pain
function abnormality survey,and DASH upper limb function assessment scale.

One item of stability evaluation index in the core area. Specifically,
McGill's kernel stability test. This paper uses the frequency domain analysis
method to make statistics on the data measured within 3 seconds before

Table 1. Subject profiles.

Article received on 02/11/2022 accepted on 11/11/2022

aiming. This paper uses the frequency domain method to obtain each
parameter’s coefficient of variation CV (%).° This paper evaluates the
changes in data stability observed before and after the experiment. Trials
were conducted before and after physical training.

Sensor Simulation of Gun Data Capture
a, B, yis the roll, pitch, and yaw angles. The torque of the roll angle is
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In this paper, the unit axial force of the guniis setase = (x, y, z). &
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v,
is the roll angle. The quaternion numberis g =| ' |represented as
v

Gender n Age Height/cm Weight/kg Years of training/year
Male 13 138 £0.74 17393 £ 8.96 7179 £ 16.68 293 +£1.85
Female 13 15.00 £ 1.68 168.54 £ 3.76 56.75+6.77 438 +3.24
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Formula (4) v; +v{ +v; +v; =1.In this paper, a matrix of a set of
postures can be obtained through the law of quaternion multiplication:
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Data Analysis

This paper uses the electromyography analysis system of DelsysEMG4.0
to measure the muscle data of athletes® This article imports the data
document into Excel 2010.This paper, SPSS19.0is used to conduct a t-test
on the data collected before and after the test.

ETHICAL COMPLIANCE

Research experiments conducted in this article with animals or humans
were approved by the Ethical Committee and responsible authorities
of Capital University of Economics and Business, Beijing University of
Technology following all guidelines, requlations, legal, and ethical standards
as required for humans or animals.

training was worse than the body extension stability, while the stability of
the right bridge was better than that of the left bridge. (Table 4)

Skin EMG measurements before and after the test

The rate of change of the EMG signal at different positions showed
a decreasing characteristic® The EMG amplitudes of the upper muscle,
the anterior deltoid, the middle deltoid, and the biceps were statistically
significant before and after the test (P<0.05). This indicates improved gun
stability for the designer athletes. (Table 5)

Table 3. Functional Assessment Scale Scores.

. Before After the
Project . . P
experiment | experiment
osw 4241 £1593 | 32.71+1732 <0.05
DASH 223 +£1835 1482 +£11.14 <0.05
Table 4. McGill stability results before and before testing.
. Before After the
Project . . P
experiment | experiment
Trunk flexion time 83.75+29.78 | 106.04 £+ 27.74 <0.001
Trunk extension time 67.03 £ 2669 | 81.04 +2727 <0.001
Left side bridge time 2516+ 788 41.98 £ 6.59 <0.001
Right side bridge time 2953 +£796 4401 £ 944 <0.001
Total time 20547 + 7041 | 273.07 £ 66.03 <0.001
Stability push-ups 203 £0.93 25+0.78 <0.01

Table 5. Comparison of the coefficient of variation of the amplitude means before
and after the test.

RESULTS Pre- Post-
. . exper!ment Coefficient exper!ment Coefficient
Functional Movement Screening Results Part amplitude | ation | 2mPlitude | o ition
) ) ) mean and 0 mean and o
Allindexes of FMS were improved after the test.” The scores for straight standard CV/% standard Cvi%
bow archery before and after the test were statistically significant (P<0.05). deviation deviation
The shoulder flexibility test, push-up stability test, and FMS scores were all Upper trapezius | 10084 + 897 926 10264 + 901 915
statistically significant (P<0.01). The rotational stability score did not change Anterior deltoid | 1496 £ 2197 1529 15213 £ 2097 1435
after the test. (Table 2)
Middle deltoid | 90.72 + 13.17 15.11 9324+ 135 15.08
Table 2. FMS Screening Scores Before and Before the Trial. Rear deltoid 1574 +1.02 6.76 1642 +1.06 6.74
. Before After the Biceps 1558 £ 142 947 1626 +1.3 834
Project iment iment P
CEIEMIEIE || Gl Triceps 1238 + 1.05 885 120+ 1.02 878
Lift squat 26+ 064 276 %051 >0.05 .
Extensor carpi
+ +
Hurdle step up 255 + 0.64 266 %053 >0.05 radialis 9I7E 120 1267 0154 £ 648 1096
Straight lunge squats 2344057 255+0.53 <0.05 Superficial 1244135 1138 1415 1 108 708
Shoulder flexibility 2714052 | 292043 <005 flexor muscles
Active straight leg lift 245+ 061 2.55+053 >0.05
Stability push-ups 203 +093 254078 <0.01 DISCUSSION
. " N N
Rotational stability 2080 20840 The stability of this paper refers to the problem of gun holding stability in
Overall rating 16774224 | 18074166 <0.001 shooting competitions. It refers to the swing range of the barrel in the target

Functional test scores

The scores of OSW and DASH questionnaires decreased significantly
after the test (P<0.0.5). Low back and leg pain OSW scores decreased by
an average of 23.15%, while DASH scores decreased by 34.14%. (Table 3)
Core Stability Test Results

There were significant differences in muscle tolerance and stability after
functional physical training (P<0.01). The flexion stability of the body after
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paper sighting area and the control of the hitting time.” Its stability is mainly
reflected in the shaking amplitude, relative static duration, and shaking. Stability
is not setin stone. Thereis also a slight wobble when the gun is stable. Firearms'
stability depends on the human body’s stability and the coordination of human
senses.9The stability training program is one of the overall training programs
developed by the coach. Its main goal is to improve the stability of the gun.
It includes two aspects, physical training and the other is special training.
Functional fitness training is critical to shooting performance. Its
fundamental goal is to improve athletes' physical functions through various
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effective exercise methods. Functional fitness training helps athletes
improve their game performance. Shooting is different from other sports."!
There are no strenuous movements in this sport. This exercise requires very
high coordination of the body. The action of raising the gun must be very
stable. Functional fitness training is necessary to improve and maintain
game technique and stability. There are mainly empty guns and actual
combat drills in the shooting training. Stability improves the stability of
the firearm when preparing for an empty gun.

The strength of the body's muscles significantly impacts stability during
shooting. This requires athletes to have a high muscle tolerance. The skeletal
support must be fully utilized." Secondly, there must be appropriate muscle
strength to maintain each joint’s stability and the human body’s static balance.
When the bullet's center of gravity is close to the center of gravity of the bodly,
the force between the two will be better balanced. This will make the gun
more stable. Because the bullet’s center of gravity is fused with the center of
gravity of the body, part of the gun’s weight will be offset by the bowstring
around the waist. At this time, the muscles in the lower back will be stressed.
Athletes must have a fixed position to maintain body stability. The center
of gravity of the body is to ensure the stability of the knee and ankle joints
through the force of the legs.' Stability support plays a crucial role in correct
shooting movement. Stable support in the excellent state of the human body
is achieved by regulating the body’s nervous, skeletal,and muscular systems.
Movement posture and muscle sensation are closely related to stability. This
paper argues that the stability of holding a gun depends on the player’s
skeletal stability, lumbar stability, and muscle stability.

Shooting movement stability depends on the law of movement. Athletes
should minimize muscle contactand stress and use bone as a carrier when
performing stand-up training. Athletes need to find an appropriate sports

center. And as the time of holding the gun prolongs, the athlete’s body will
experience numbness, tremors, stiffness, and so on. Athletes must adjust
their bodies to make them more flexible and more stable.

There are many closed-chain exercises in hanging upper and lower body
exercises. It focuses on a fixed posture. This strength training requires the
coordination of strength in many different joints. Suspension training requires
multiple muscle groups to work together. For example, the straight arm pulls
back of the upper body and the Y-shaped exercise. Athletes first stabilize the
body’s deep muscles before they can work with the muscles of the upperarm.
Athletes can enhance the stability of their arms in three-dimensional space
during shooting training. When doing leg exercises, athletes mainly train the
strength of the trunk and lower body. The main content of functional physical
training is the joints, tendons, and ligamenits of the spine, multifidus, pelvic floor
muscles, rotator cuff muscles, tendons, and ligaments. Increasing the stability
and coordination of the muscle groups reduces the shooter’s control of the
shooter’s arm. At the same time, this training can increase muscle strength
consistency and improve shooters'balance.

CONCLUSION

After eight weeks of functional physical training, shooters proved that
functional physical training has a good effect on improving the stability
of gun holding. The somatosensory enhancement technology of DNS
motor neurons and PNF is key to improving exercise performance, physical
function, and injury reduction. Lack of athletic ability will adversely affect
the shooter's gun balance and restrict the shooter’s overall quality.
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