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Abstract: Objective: The aim of this study was to investigate the kinematic characteristics
of the Ara C-bar maneuver in cheerleading and the effect of base athlete’s core strength on
their bioefficacy, with a view to providing a scientific basis for enhancing athletes’
performance. Methods: Kinematic analysis was performed on 99 cheerleaders, and a three-
dimensional motion capture system was used to measure key parameters during their
movements, and a questionnaire survey was combined to assess the athletes’ core strength
levels. The relationship between core strength and athletic performance was explored through
statistical analysis of the data. Results: The results of the questionnaire survey showed that
athletes generally agreed on the importance of core strength training, with 85% of the
participants indicating that core strength training had a significant effect on improving
athletic performance. Kinematic analysis showed that changes in base athletes’ hip moments
during the Ala C bar movement significantly affected the movement’s stability and fluidity.
Athletes with higher levels of core strength demonstrated better control and stability during
the execution of the movement, which significantly increased the success rate of completing
the movement (p < 0.05). Conclusion: Cheerleading base athletes’ effectiveness in the Ala C
bar maneuver is significantly impacted by their core strength. Enhancing core strength
training enhances athletes’ technical proficiency and stability while facilitating the execution
of other challenging actions. In order to maximize athletes’ competitive level, trainers are
advised to concentrate on developing core strength in their training regimens. The impact of
various training techniques on the development of core strength and their unique mechanisms
of action on athletic performance could be further investigated in future studies.
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1. Introduction

Cheerleading operates as a sport that integrates gymnastics, dance and skills,
and its difficult movements require a high level of strength, flexibility, coordination
and core strength [1]. In this context, the study in this paper focuses on the Ala C-bar
maneuver in skill cheerleading, especially on the effect of the base athlete’s core
strength on the biomechanical efficiency of the maneuver. The Ala C-bar maneuver,
which originates from ballet, has high rotational difficulty and is one of the most
important movements that reflect the skill level of cheerleading [2]. The successful
completion of this maneuver requires athletes to have sufficient iliopsoas muscle
control, ankle strength and leg flexibility, and therefore puts high demands on
athletes’ core strength [3]. For base athletes, core strength is not only the key to
maintain the stability of the movement, but also directly affects the smoothness and
quality of the movement [4]. However, there is a lack of research on the bioefficacy
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analysis of the core strength of this movement, especially the core strength
performance and optimization strategies of base athletes when supporting the team
members to complete the Ala C bar movement [5].

In the scoring system of cheerleading, movements such as lifts, throws, and
pyramids occupy the majority of the total score [6]. As the executors of these
movements, base athletes need to have strong core strength to ensure the stability of
the movements and the efficiency of power transmission [7]. Insufficient core
strength may lead to unstable center of gravity and unsmooth movements, which
may affect the team’s overall score [8]. Therefore, it is important to study the effect
of core strength of base athletes on the completion of Ala C bar movements to
improve the overall performance quality of cheerleading [9]. The analysis of core
strength bioefficacy of base athletes not only helps to improve athletes’
understanding of their own core strength training, but also provides scientific
guidance for coaches [10].

The completion of the Ala C-bar movement involves the synergistic movement
of multiple joints and precise core strength control, especially in the continuous
rotation phase, where the athlete needs to keep the torso upright while completing
multiple rotations supported by the anchor leg, which is extremely difficult [11]. In
addition, the performance of core strength of base athletes during dynamic support
has not been fully investigated [12]. In actual training, the means of training athletes’
core strength mainly relies on basic strength training, such as pushing trolley
exercises, plate support exercises and push-up exercises [13]. Although these
training methods can increase core strength, they are still insufficient in the
pertinence and scientificity of training, and are difficult to be directly reflected in the
guality of the completion of difficult movements such as the Ala C bar [14]. In
addition, base athletes need to cooperate with the power output of the power leg
during the execution of the movement, so how to strengthen the coordination
between the power leg and core strength in training has become a major challenge in
current research [15].

Existing studies have mostly used the vector parameter method to analyze the
kinematics of cheerleading movements, mainly focusing on the modeling of the
simplified structure of the human body and the calculation of joint driving moments
[16]. The 7-segment S-curve motion planning method proposed in the literature can
better simulate the motion trajectories of the joints when athletes execute the AlaC
bar movement, but it does not provide an in-depth analysis of the performance of the
base athlete’s core strength in the support movement [17]. In addition, current
kinematic analyses only focus on changes in driving moments in localized areas such
as the power leg and hip joint, failing to adequately consider the impact of core
strength on overall stability and efficiency [18]. Although these analyses can help
athletes understand the importance of the power leg and hip joint to a certain extent,
they lack a quantitative description of the dynamic performance of core strength
during support, and it is also difficult to guide the core strength training of base
athletes [19].

In order to remedy the shortcomings in the current study, this paper further
explores the bioefficacy performance of core strength of base athletes in supporting
the Ala C bar movement on the basis of the existing kinematic analysis. This paper
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innovatively adopted a variety of research methods, including literature, observation,
guestionnaire and mathematical statistics, in order to comprehensively analyze the
effects of core strength on base athletes’ performance of the Ala C-bar movement.
By investigating the athletes of the cheerleading teams of our school and Jilin Sports
Institute, this paper not only reveals the significant influence of core strength on the
presentation of cheerleading sets, but also compares the grouping of athletes with
different years of training to provide targeted suggestions for core strength training.
In addition, this paper utilizes mathematical statistics to summarize and analyze the
data, aiming to quantify the influence of base athletes’ core strength on the quality of
Ara C-bar movement completion, and based on this, propose targeted training
improvement programs to optimize athletes’ core strength performance.

2. Kinematic analysis of the ala C-bar

2.1. Movement points

Ala C-bar is originated from ballet and belongs to the category of difficult
movements. The completion of Ala C bar movement has certain requirements on the
learner’s core strength, iliopsoas muscle control ability, ankle strength, and leg
flexibility and agility [20]. The Ala C-bar movement can be divided into the
following two stages.

Starting phase.

Step 1: Body facing first, left foot five places in front, hands one place at the
ready (Figure 1).

TUMBLE SHINE

Figure 1. lllustration of the start-up phase.
Source: The picture is from Cheer program [21].

Step 2: Move both hands from one to two (Figure 1).

Step 3: Scrub the floor with your left foot to the side two position, and open
your hands to the seventh position while scrubbing the floor on the side.

Step 4: With the left foot inserted backward, do a four-position squat with both
legs, and change the seven-position hand to the six-position with the left hand in
front. Then, with the legs and arms, rotate the body counterclockwise (overhead
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view) for one full rotation to complete the start-up phase, followed by step 5 of the
continuous rotation phase (Figure 1).

Continuous rotation phase.

Step 5: Half squat with the right leg while the left leg extends out to the second
90 degree position, keeping the pelvis upright and hands to the second position.

Step 6: Straighten the right main leg, reaching the toes. At the same time, open
the left leg outward and open both hands actively to the flat seven position. The body
rotates counterclockwise by inertia (overhead view) for 1 week, followed by Step 5,
forming a cycle of movement.

From the point of view of technical training, the uprightness of the body, the
height and openness of the power leg control, and the coordination of the arms, the
power leg and the head are the keys to the high quality completion of the Ala C bar
movement, pay attention to the center of gravity is always in the main leg, the center
of gravity downward, and the main leg squatting and standing movement should be
stabilized.

A detailed analysis of the various phases of the Ala C-bar movement will help
athletes to better understand and master the essentials of the movement, thus
improving the quality of its completion. The movement can be divided into three
main phases: the beginning phase, the rotation phase and the end phase.

(1) Starting phase

In the beginning phase, the athlete needs to establish the correct posture and the
foundation of the movement. First, facing straight ahead, the left foot is placed in
front of the fifth position and the hands are in the first preparatory position. By
gradually adjusting the arm position (e.g., from first to second position) and sliding
the feet (e.g., sliding the left foot to second position on the side), the athlete is
prepared for the subsequent rotational movements. During this phase, special
attention should be paid to the stability of the body and the distribution of the center
of gravity to ensure that balance is maintained before completing a full rotation.

(2) Spinning Phase

The rotation phase is the core of the Ala C-bar movement. In this phase, the
athlete needs to rely on inertia to complete successive rotations of the body and keep
the body vertical. The starting position of the rotation is formed by the semi-squat
support of the right leg and the abduction of the left leg to reach the 90 degree
position. At this point, the hips remain neutralized and the hands are placed in
second position. Then, the supporting leg (right leg) is gradually straightened, the
left leg is opened outward at the same time, and the hands are spread out to the flat
seven position, relying on inertia to complete the counterclockwise rotation. The key
is to keep the center of gravity on the main leg and control the rotation speed and
posture.

(3) Finishing phase

At the end of the rotation, the athlete needs to restore the initial balance and
naturally close the posture to ensure the integrity and grace of the movement. At this
time, the left leg can be gradually withdrawn, and adjust the posture of the hands and
upper body, slowly stop the rotation, so that the whole movement has a smooth
ending. Athletes should keep the center of gravity stable in the ending phase to avoid
swaying or losing balance due to inertia.
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Technical Training Recommendations

A detailed analysis of the different phases will help athletes focus on improving
key techniques during training, such as body alignment, control of the lead leg, arm
coordination and stability of the center of gravity. Each phase requires the athlete to
maintain focus and precise control to ensure that the center of gravity is always on
the lead leg, thus improving the quality of completion of the Ala C-bar movement.

2.2. Kinematic analysis

The continuous rotation phase is the main phase of the AlaC bar motion, so this
paper mainly analyzes this phase. In order to facilitate the model description, we take
the 5th step of the continuous rotation phase of the AlaC bar as the initial state, and
take its front direction as the y-axis direction to model the human body. Taking the
right leg as the main leg and the left leg as the power leg as an example, the
simplified structure of the human body is shown in Figure 2, and the body parts
represented by each serial number are listed in Table 1, and the dimensions of the
body parts measured by an athlete are listed in Table 1.
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Figure 2. Model of human body structure.
Table 1. Human body structure number and size parameters.
Part Number Dimension
Serial number Joint Component Name Symbol Value/cm
1 Right heel Right foot Right High l 9
2 Right ankle Right calf Calf length L, 36
3 Right Knee Right thigh Thigh length I 45
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Table 1. (Continued).

Part Number Dimension
Serial number Joint Component Name Symbol Value/cm
4 Right Hip Torso Hip Spacing wy 31
5 Left Hip Left leg Shoulder Spacing w, 40
6 Right shoulder Right Upper Arm Shoulder-hip height difference hq 37
7 Left shoulder Left Upper Arm Upper arm length ly 30
8 Right elbow Right lower arm Lower arm length ls 21
9 Left EIbow Left lower arm
In this paper, the vector parameter method is used for kinematic analysis. In
Figure 2, oxyzis the global coordinate system, and the joint coordinate system
0;x;y;z; (not shown in Figure 2) is fixed to member i. The initial direction oxyz is
consistent with that of the joints, and the rotational axis vectors e; of the joints are
shown in Figure 3, and their values are listed in Table 2. 6; denotes the angle of
rotation of member i around the rotary axis e; (relative to the coordinate system
0sXsYsZs, S 1S the number of the root member connected to member i, hereinafter), b;
is the linkage vector, denotes the vector o, pointing to o;, the expression of which is
included in Table 2. In Table 2, a, and a5 are the angles of the calf/thigh with
respect to the positive direction of the z-axis in the initial state (their values are taken
as 30). Note that joint 4 (right hip joint) has two degrees of freedom, the first one is
rotation around the e,-axis with an angle of 8, and the second one is rotation around
the e,-axis with an angle of 6,.
Table 2. Joint and rod vector parameters.
] e; b;
l
€ix eiy e, bix by bi,
1 1 0 0 0 0 0
2 0 1 0 0 0 L
3 1 1 0 0 l2 x<sinaz l2 < cosaz
4(1) 0 1 0 0 —l3 < sinas I3 <cosas
4(2) 1 0 0 0 0 0
5 0 1 0 —w, 0 0
6 0 1 0 —(w1 — w2)/2 0 hy
7 0 1 0 —(wy + w2)/2 0 hy
8 0 1 0 0 L 0
9 0 1 0 0 L 0

Define the chi-square transformation matrix.
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1 o 0

b
0 cos@ —sind by
rotx(6,b) = 1)
0 sin@ cos@ b

0 O 0 1

[cosf —sind 0 b,
sing cosd 0 b,
rotz(6,b) = (2)
0 0 1 b,
0 0 01

Then the chi-square transformation matrix for each component i can be
obtained from the vector parameters in Table 2 as:

rotx(0,b,) (i=23)
°H, =1 rotx(¢',b)rotz(6,,0) (i=4) C)
rotz(6,,b,) (i#2,3,4)

As a result, the position H; of each member i in the global coordinate system
can be obtained as:

[17H:(=1234)

H, ={H,*H,(i=56,7) (4)
H, °H, (i = 8)
H,"H,(i=9)

2.3. Motion planning

Considering an ideal situation, assuming that the athlete’s torso and supporting
leg keep rotating at the same angular velocity during the movement, and the rotation
time of 1 week is T = 1 s, of which the opening leg time is tc = 0.2 s and the closing
leg time is t, = 0.8 s, then the output angles of the body parts at the three moments of
t=0, t,, T are planned as listed in Table 3.

The Ala C-bar maintains an overall rotation of the body at the t = 0, t, T
moments, and therefore has the following velocity plan:

6(t)=0,(i=Lte{0t,T}) (5)

Table 3. Output angle planning (unit: degrees).

Open and close both arms Single arm opening and closing Size T
Freedom

0 tk T 0 tk T 0 tx T
6, 0 70 360 0 70 360 0 70 360
0, 0 0 30 0 0 30 0 0 30
05 0 -30 0 0 -30 0 0 -30 0
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Table 3. (Continued).

Open and close both arms Single arm opening and closing Size T
Freedom

0 tk T 0 tk T 0 tk T
0,4 0 0 0 0 0 0 0 0 0
05 0 90 0 0 90 0 0 90 0
B¢ 0 -90 0 0 0 0 -90 -90 90
0, 0 90 0 0 90 0 90 90 90
Og 0 0 0 0 0 0 150 0 150
Oy 0 0 0 0 0 0 —150 0 —150

The 7-segment S-curve proposed in the literature was used to plan the motion of
each joint except the right heel, and the displacement curves of each joint were

obtained as shown in Figure 3.

The data in the article mainly demonstrates the movement parameters and angle
planning of each joint and limb, but it lacks an in-depth exploration of the biological
and physiological mechanisms behind these data. For example, the effects of each
joint angle and velocity on the athlete’s body structure and muscle groups during
exercise could be explained, and how athletic performance could be optimized by
adjusting these parameters. Further discussion of the role of these joint angles on
muscle loading, muscle control and body stability will help the reader to understand
the physiological importance of these parameters.
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Figure 3. Motion planning for each joint.
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It is possible to explain how the parameters listed in the table meet the demands
of specific phases of Ala C-bar exercise, such as the body’s ability to support, rotate
and maintain balance. In particular, the double-degree-of-freedom rotation for the
right hip can be further explored in terms of how the movement is achieved and the
demands placed on the athlete’s muscle control. Combining this data with
biomechanical requirements can better demonstrate why specific parameter settings
are required at a given stage of the movement.

the values in angle planning indicate the changes in the athlete’s stance at each
moment in time, but it is possible to analyze in more detail how these angles affect
muscle contraction, joint pressure distribution, and the demands placed on the core
musculature. In particular, the 7-segment S-curve involved can be explained how it
helps to control the smoothness of motion at each joint, reducing joint loading and
optimizing movement fluidity.

Maintaining synchronized angular velocities of the trunk and the supporting leg
in motion planning actually places high demands on the body’s coordination and
core strength. The physiological basis behind this control strategy can be further
explained, such as the role of core muscles in supporting balance and rotation.

By digging deeper into these biological and physiological dimensions, the
background and rationale of the data can be better demonstrated to help readers
understand the importance of the data from a mechanistic perspective, thus
enhancing the scientific and professional nature of the article.

3. Optimization of ara C-bar hand movements

<102
1

0 20 10 60 80 100 . 20 10 60 B0 100

0 2 20 10 60 80 100 o 20 10 60 BO 100

0 20 40 60 80 100 ) 20 10 60 BO 100

gait cycle in % gait cycle in %

(a) (b)

5
= 5 : 24
p " P 2 d
; . 21
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(e)
Figure 4. Right heel driving moment.
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Figure 5. Hip driving moments.

From Figures 4 and 5, the following analysis results can be obtained. In section
2.3, motion planning is performed for the leg movements and three common hand
movements of the Ara C bar, and the required driving moments of each joint can be
obtained by substituting the results of the motion planning into Equation (4), of
which the driving moment curves of the right heel, hip, and shoulder joints, which
are more important for the dynamic analysis, are shown in Figures 6-8, respectively.

(1) From Figure 5, it can be seen that the left hip joint driving force
corresponding to the three hand movements is basically the same, indicating that the
left hip joint driving force is independent of the hand movements.

(2) The maximum driving moment (absolute value) of the left hip joint (power
leg) is about 11, which is larger than the driving moments of other joints. Therefore,
the power leg is the main source of power for the Ara C-bar maneuver. Since the
torso and the right leg are set to rotate at a uniform speed, only a portion of the
driving moment of the left hip joint is transmitted to the right heel through the left
hip joint.

(3) From Figure 5, it can be seen that among the three hand movements, the
heel joint and right hip joint driving moments required for the size T are the smallest,
and the magnitude of the driving moments is also the smallest, which indicates that
this movement is easier to be mastered by the athletes.

10
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4. Research object and method

Objects of study: core strength training and its methods for skill cheerleading
base athletes

Subjects: Our school’s Joyful Sun Cheerleading Team; Jilin Sports Institute
Skill Cheerleading Team

Research Methods

Literature method: searching and reviewing the literature about the employment
situation of college students through China Knowledge Network and reading related
books to provide theoretical support for this study.

Observation method: By observing the training of our school’s Jiao Yang
Cheerleading Team, we found problems from it and conducted the research.

Questionnaire survey method: to our school skill cheerleading team athletes,
coaches, and Jilin Sports Institute skill cheerleading team athletes, the skill
cheerleading base athletes core strength training and its methods to investigate. Jilin
Sports Institute and our school skill cheerleading training methods are basically the
same, are used to basic strength training means to carry out core strength training,
mostly using simple two head up exercises, push trolley exercises, flat support
exercises, push-up exercises and other means [22,23].

Questionnaire design: the survey object 99 athletes (61 athletes in our school;
38 athletes in Jilin Institute of Physical Education), athletes issued 100 copies, 99
copies were recovered, the effective number of 99 copies, the effective rate of 99.

Mathematical and statistical method: the use of inductive summary,
comparative analysis, logical analysis of the content and results of the interviews to
analyze and summarize for a more in-depth study of the skills cheerleading core
strength training to do a summary.

5. Results and analysis

5.1. Importance of core strength in skill cheerleading programs

The individual scores for slogan, lifting, pyramid, blue throw, tumbling, set
fluency, transition, and overall impression, audience attraction, etc. are added up to
determine the final score in the skill cheerleading competition. The highest
percentage of the score, which made up 75% of the total, was earned by lifting (25
points), throwing and catching (15 points), pyramid (25 points), and tumbling (10
points). Strong physical fitness is necessary to complete the program’s most
demanding component flawlessly. For the base athlete to finish the competitive
exercises, core attributes are particularly crucial. In order to maintain stability and
enhance the different capacities amongst the muscles, a base athlete must have a
strong core. This is achieved through the management of brain nerves.

In Table 4, the number of people with three months of training is dominant at
59%, followed by those with more than two years of training at 23%, followed by
those with one year of training at 15%, and the remaining two years and six months
are very small in percentage.

11
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Table 4. Years of training in skill cheerleading.

Number of respondents Three months Six months One year Two years More than two years
Male 55 30.6% 5.5% 18.0% 26.6% 19.7%
Female 45 52.5% 6.6% 9.3% 13.8% 18.3%
Total 100 59% 4% 15% 8% 23%

In Table 5, the number of people who think that the core strength has a great
influence on the display of sets of movements accounted for 77% of the total number
of people, the influence of the general accounted for 21%, and the number of people
who think that there is no influence accounted for 2%, of which 71.2% of the male
students think that the strength of the core strength of the technique cheerleading has
a great influence, 26.9% of the people think that the influence of the general, and
only a small part of people think that there is no influence, which only accounted for
1.9% of the male students. 1.9% of the total number of male students; 68.0% of
female students think that core strength has a great influence on skill cheerleading,
22.8% think that it has a general influence, and 9.2% think that it has no influence.
So the skill cheerleading athletes think that core strength has a very important
influence on the skill cheerleading program, and we should pay more attention to the
core strength training in the training [24,25].

Table 5. The effect of core strength on the presentation of skill cheerleading routines.

Number of respondents Has a significant impact Average influence No impact

Male 55 71.2% 26.9% 1.9%
Female 45 68.0% 22.8% 9.2%
Total 100 7% 21% 2%

5.2. Research on core strength training content of skill cheerleading base
athletes

Table 6 shows that skill cheerleading athletes in ordinary training often core
strength training accounted for 51% of the total number of investigators, of which
boys accounted for 62.7%, girls accounted for 45.6%, and in the training of
occasional core strength training of boys accounted for 26.8%, girls accounted for
31.8%, which shows that skill cheerleading athletes in the training of the training
attaches great importance to the training of the core strength.

Table 6. Frequency of core strength training in skill cheerleading training.

Number of respondents

Male 55 62.7% 26.7% 10.6%
Female 45 45.6% 31.9% 22.5%
Total 100 51% 36% 13%

Skill Cheerleading Core Strength Training.

Cheerleading skill action highlights the word “stable”, in skill cheerleading set
action or single action, the completion of the whole set of action is required to be
“stable”, stable, high quality can better reflect the athlete’s proficiency in the whole

12
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set of action. When the top athletes are doing skill movements, the base athletes play
the role of foundation, which puts higher requirements on the core strength of the
base athletes, and only if the base strength is strong enough, can they make more
difficult skill movements. The proportion of core strength training methods chosen
through the guestionnaire survey is shown in Table 7.

Table 7. Skill cheerleading core strength training frequently used movements (multiple choice).

Number of Weighted Self-supporting Weighted Deadlift Compound Controlled Trolley Inverted
respondents or deadlift or weighted log or deadlift withown  push and pull Inversion Push Crawling
exercises lifts and planks weightor  exercises Exercise Exercise  Exercise
repetitions weight
Male 55 46.6% 26.9% 32.0% 28.8% 23.3% 25% 21.5% 21.5%
Female 45 33.9% 19.5% 27.5% 17.7% 15.8% 13.5% 25% 15.8%
Total 100 64% 39.9% 47% 40.8% 29.9% 30.1% 35.1% 29.1%

According to the data in Table 7, in daily training, male athletes chose
weighted or self-weighted double overhead presses (46.6%) the most, and other
training contents accounted for a relatively even proportion in training, among which
self-weighted or weighted planks (32.0%) and self-weighted or weighted push-ups
(28.8%) were the training methods chosen by male athletes with a larger proportion.
Among female athletes, because of their different roles in the team, the movements
of female athletes were more inclined to core strength in unstable condition, so they
had to train core strength in a more comprehensive way when choosing the training
content, in which deadlift or deadlift double overhead (33.9%) was the most chosen
content, followed by deadlift or deadlift plate support (27.5%). Of the total number
of players, 64% chose the deadlift or deadlift double overhead exercise and 47%
chose the deadlift or deadlift plate support exercise.

5.3. Problems of core strength training for skill cheerleading base
athletes

5.3.1. Inadequate awareness of core strength training

Core strength training has been discussed more often in the context of sports
program training in recent years, and both coaches and players have become more
aware of the value of core strength for sports programs. A single muscle cannot
sustain a sports program; rather, a combination of muscles is needed to overcome
technical challenges. Similar to this, a good core strength training method involves
more than just working the main muscles in the core; it also involves deep muscle
training and the application of the principle of lateral migration. To maximize the
effectiveness of the exercise, the training should be integrated with the sports
program to determine its content. There is currently no clear theory to explain core
strength training, according to several academics, and the theoretical choice of core
strength training differs. The technique used to control the stabilizing state of the
pelvic and trunk position muscles during skill cheerleading training is known as
“skill cheerleading core strength training.” In Table 8, the players’ knowledge of
core strength is not very perfect, in which the proportion of male players who know
more about core strength (53.5%) is the largest, and most of the female players have
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only heard of core strength training (52.2%), and the ones who know a lot about core
strength only account for 9.1% of the total number of girls, so it is necessary to
popularize the knowledge of core strength among the players in the future training.
We should popularize the knowledge of core strength to the players in the future
training [26,27].

Table 8. Whether they know about core strength training or not.

Number of respondents  Realise ~ Fairly well I’ve heard ofit  Never heard of it

Male 55 21.5% 53.5% 21.5% 3.5%
Female 45 9.2% 25.1% 52.2% 13.5%
Total 100 17% 41% 30% 12%

5.3.2. The effect of formation choreography

Cheerleading cheerleading players neatly arranged that is, repetition, the
composition of the graphic has a sense of rationality, order and rhythmic aesthetics.
(Figure 6) Repeat composition reflects the harmony and unity of the flower ball
cheerleading formation changes, the overall visual effect. Cheerleaders are neatly
and orderly arranged, and the height and angle of the kicking leg are high and
consistent, including the turning of the head, which fully demonstrates the neatness
and rhythmic beauty. Neat and orderly is the product of the rules of flower ball
cheerleading, and at the same time, it is in line with the “beauty” that has been
symbolized by people through many times.

Figure 6. Visual effect of flower ball cheerleading formation.
Source: The picture is from Cheerleaders arms raised Stock Photos and Images [28].

High and low ups and downs, frequent changes, and staggering are used in
flower ball cheerleading formation changes to create a powerful sense of movement
and visual impact, providing viewers with a lovely visual experience. (Figure 7) The
entire image conveys a sense of leaping and space, and the use of ups and downs and
interlacing transforms the entire formation into a dynamic change of beauty. The use
of flower balls up and down, left and right ups and downs, and interlacing creates
tension while also bringing a distinct and clear feeling by neatly lining up.
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Figure 7. The visual effect of undulating and staggered formation of flower ball cheerleading.
Source: The picture is from Cheerleaders arms raised Stock Photos and Images [28].

Radiation and agglomeration composition can cause visual illusion, have a
center point, have a very strong focus and form the center of vision, human vision
will also be led to the center point, the flower ball cheerleading formation changes in
the process of using this principle of aesthetic composition, so that the changes in the
formation of the formation of a more visual effect. (Figure 8) The use of radiation
and agglomeration, the rapid gathering and spreading of the formation, in the form of
gathering or dispersion, makes the visual impact extremely strong.

i T

Figure 8. Flower ball cheerleading change formation visual effect.
Source: The picture is from Cheerleaders arms raised Stock Photos and Images [28].

6. Conclusion

By methodically examining the kinematic characteristics of the Ala C bar
movement and the bioefficacy of core strength in base cheerleaders, the following
findings were obtained from this study:

The Ala C-bar movement’s kinematic analysis revealed that the athlete’s ability
to fully utilize their core strength as well as effectively regulate their iliopsoas and
leg strength was necessary to complete the movement. The movement’s breakdown
revealed that the legs played a major driving role throughout the start and continuous
rotation phases, while the athlete received steady support from the hip joint’s
moment change characteristics.

The study’s findings demonstrated that base athletes’ stability and performance
in challenging movements are directly impacted by their core strength. We verified
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the value of core strength training in raising athletes’ overall competitive level by a
guestionnaire survey and statistical analysis of 99 athletes.

This study suggests a number of focused training techniques meant to boost
base athletes’ performance by strengthening their cores, based on the kinematic
analysis and the significance of core strength. These techniques not only help
athletes stay stable throughout the Ala C bar maneuver, but they also offer a
theoretical foundation and helpful advice for using it in other challenging maneuvers.
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