Modern Sport

Volume 25 | Issue 2 Article 4

5-15-2026

Muscular Strength and Angular Ranges of Some Body Joints
During the Take-Off Phase and Their Relationship to Vault
Performance.

Intisar Kadhim Abdul Kareem
College of Physical Education and Sports Sciences for Women, University of Baghdad,
intisar@copew.uobaghdad.edu.iq

Zina Abdel Salam
College of Physical Education and Sports Sciences for Women, University of Baghdad,
zubaida.s@copew.uobaghdad.edu.iq

Zubaidah Salah Hadi
College of Physical Education and Sports Sciences for Women, University of Baghdad, ozgur.eken@inonu.edu.tr

Ozgiir Eken
Faculty of Sports Sciences, Department of Physical Education and Sport Teaching, Inonu University, Malatya, Tiirkiye

Follow this and additional works at: https://jcopew.uobaghdad.edu.ig/journal

Recommended Citation

Kareem, Intisar Kadhim Abdul; Salam, Zina Abdel; Hadi, Zubaidah Salah; and Eken, Ozgiir (2026)
"Muscular Strength and Angular Ranges of Some Body Joints During the Take-Off Phase and Their
Relationship to Vault Performance.," Modern Sport. Vol. 25: Iss. 2, Article 4.

DOI: https://doi.org/10.54702/2708-3454.2126

This Original Study is brought to you for free and open access by Modern Sport. It has been accepted for inclusion
in Modern Sport by an authorized editor of Modern Sport.


https://jcopew.uobaghdad.edu.iq/journal
https://jcopew.uobaghdad.edu.iq/journal/vol25
https://jcopew.uobaghdad.edu.iq/journal/vol25/iss2
https://jcopew.uobaghdad.edu.iq/journal/vol25/iss2/4
https://jcopew.uobaghdad.edu.iq/journal?utm_source=jcopew.uobaghdad.edu.iq%2Fjournal%2Fvol25%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.54702/2708-3454.2126

MODERN SPORT 2026,25:139-148 Scan the QR to view ]

the full-text article on

the journal website |y

[=],

ORIGINAL STUDY

Muscular Strength and Angular Ranges of Some
Body Joints During the Take-Off Phase and Their
Relationship to Vault Performance.

Intisar Kadhim Abdul Kareem® 2, Zina Abdel Salam® **, Zubaidah Salah Hadi® 2,
Ozgiir Eken® P

2 College of Physical Education and Sports Sciences for Women, University of Baghdad
P Faculty of Sports Sciences, Department of Physical Education and Sport Teaching, Inonu University, Malatya, Tiirkiye

Abstract

Artistic Gymnastics is a sport that requires high integration of physical, skillful, and mechanical abilities. Success in
this sport depends on controlling coordinating the movements of body parts during different performance phases. The
vaulting device requires the production of high speed and strength in a relatively short period of time because artistic
performance goes through many essential phases including approaching, taking off, first vaulting, second vaulting,
then landing. Previous studies reported that taking off is the most effective and decisive phases on achievement in
vaulting. The goal of the study is to identify the relationship of muscular strength and joint angular range for some
joints of the body in the take off and vault performance phases on the vaulting platform. To achieve this, the descriptive
approach was used. The sample consisted of (10) female students from the first stage in the College of Physical Education
and Sports Sciences for Women, who were selected purposively. The results showed that the mean score for jumping
(opening) was (5.90) with a standard deviation of (1.853), while the mean score for body mass index (BMI) was (108.37)
with a standard deviation of (1.210). The correlation coefficient was (0.654), indicating a moderate positive correlation
between the studied variables. These results reflect the efficiency of converting muscular strength into effective motor
skills during the take-off phase. Based on these findings, the study recommends that educational and training programs
focus on developing lower limb muscular strength, and emphasizing its connection to specific skills required during
the take-off phase on the vaulting platform.

Keywords: Muscular strength, Joint angular range, Take-off phase, Vault performance

1. Introduction that the take-off phase is one of the most impor-
tant and crucial phases in performing jumping skills,
as it contributes to generating the linear and angu-
lar momentum that allows the athlete to reach the
appropriate height and complete the required aerial
maneuvers during take-off (Hiley et al., 2015).

In light of scientific advancements in biomechanical
analysis, the need has become urgent to study the me-
chanical variables associated with skill performance
in gymnastics, given their crucial and fundamental
role in interpreting movement patterns and iden-
tifying factors influencing successful performance.

rtistic gymnastics is a sport that requires a high

level of integration between physical, technical,
and mechanical abilities. The success of the perfor-
mance in this sport depends on the player’s ability to
control and coordinate the movements of body parts
precisely during the performance phases. Vault per-
formance goes through several basic phases, starting
with the approach phase, then the take off phase, fol-
lowed by the first and second take-off phases, and
then the landing. Therefore, many experts emphasize
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Recent studies indicate that vault performance in
gymnastics depends largely on a range of physi-
cal and mechanical factors, particularly the muscular
strength of the legs and the speed of approach. These
variables contribute to generating the power and
momentum necessary for the take-off phase, which
positively impacts the height of the body’s center
of gravity and the quality of technical performance
(Schérer et al., 2019). Biomechanical studies also con-
firm that the muscular strength of the legs is closely
related to some biomechanical variables associated
with the performance of jumping skills in gymnastics,
such as the height of the body’s center of mass, take-
off time, and movement path during the performance
phase, which directly affects the skill performance
level of the jump as well as the judging score obtained
by the athlete (Kochanowicz et al., 2016). In addition,
Razzaq et al. (2019) pointed out that “Biomechanical
analysis is a fundamental scientific tool for evalu-
ating performance levels and identifying strengths
and weaknesses, by studying biomechanical variables
and comparing them to global standards, which con-
tributes to improving athletic achievement.” More-
over, many specialists point out that the angular
ranges of the body’s joints are important biomechan-
ical variables that contribute to explaining the nature
of movement. For instance, analyzing joint angles
during movement performance helps in identifying
how force is transferred through the body’s kinetic
chain and determining the efficiency of movement
performance (Barreto et al., 2021).

The researchers believe that despite the great im-
portance of these variables in explaining the mechan-
ics of kinetic performance in gymnastics, most studies
have focused on analyzing performance at this stage
in advanced levels.

The researchers believe that there are few studies
that have addressed these variables among students
of the College of Physical Education for Women.
Studying the relationship between muscular strength
and joint angular ranges during the take-off phase
of female students can contribute to a precise under-
standing of the factors influencing the learning and
mastery of vaulting skills. Furthermore, the results of
these studies can be used to develop teaching and
training methods in gymnastics courses at the col-
leges of physical education and sports science. By
monitoring the performance of freshmen female stu-
dents at the College of Physical Education and Sports
Sciences for Women during the execution of the
vaulting performance (tuck — straddle), researchers
observed a variation in the level of performance
among the students, which was due to differences in
muscle strength or angular ranges of the body joints
during the take-off phase. Hence the need arose to

study these variables and analyze the relationship
between them in addition to the skill performance
to provide scientific indicators that can be used to
develop methods of teaching and training gymnas-
tics skills in colleges of physical education and sports
science.

Purpose of the study

The study aims to identify the relationship between
muscular strength and joint angular ranges of some
body joints during the take-off phase of vaulting
performance (tuck — straddle) and the relationship
between muscular strength and angular ranges of
body joints during the take-off phase and vaulting
performance.

Research hypotheses

e There is a significant correlation between mus-
cular strength and vaulting performance (tuck —
straddle).

* There is a statistically significant correlation be-
tween the angular ranges of some body joints
during the take-off phase and the vaulting per-
formance.

e There is a statistically significant correlation be-
tween muscular strength and the angular ranges
of some body joints during the take-off phase.

Study scope

o Human Domain: freshmen female students in
the College of Physical Education and Sports Sci-
ences for Women.

o Temporal Domain: from 1/3/2026 to 31/3/2026.

o Spatial Domain: Artistic Gymnastics Hall in the
College of Physical Education and Sports Sci-
ences for Women.

2. Methodology and procedures

The research population was defined by the re-
searchers as (33) freshmen female students in the
College of Physical Education and Sports Sciences for
Women. The research sample consisted of (18) stu-
dents from Section (A). (8) students were excluded
due to non-compliance, leaving (10) students selected
purposively, representing 30.30% of the original pop-
ulation. Table 1 shows the homogeneity of the sample
in terms of height, weight, and age.

The results in Table 1 indicate that the values of the
skewness coefficient for all variables (height, mass,
age, leg length) fall within statistically acceptable
limits, which indicates that the data distribution is
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Table 1. Shows the homogeneity of the sample (Mass — Height — Age — Leg Length).

Variables Unit of Measurement Mean  Median Standard Deviation = Skewness
Body Mass kg 51.10 50 14.114 1.123
Height cm 161.20 160 4.614 1.653
Age years 20.50 20 1.509 0.121
Leg Length cm 91.50 91 19.098 2.575

relatively normal and there are no sharp deviations
that affect the analysis. A skewness coefficient within
the range of (£3) is considered acceptable in ap-
plied studies in the field of physical education and
sports science, reflecting the homogeneity of the sam-
ple and the possibility of generalizing the results
to an acceptable degree. From the above, it can be
concluded that the sample has a suitable degree of ho-
mogeneity in the physical variables, which supports
the integrity of the statistical procedures and gives
reliability to the correlations. Previous studies (Cuk
& Karacsony, 2004) indicate that the homogeneity of
body characteristics (height and mass) among gym-
nasts contributes to the accuracy of skill performance
analysis, especially in take-off skills.

The researchers used Arabic and foreign sources,
the internet, personal interviews, expert opinion
questionnaires, data entry forms, a Dell computer,
CDs, one vaulting horse, one pair of gloves, a mea-
suring tape, a tripod, the Kinovea motion analysis
software, and 5cm wide adhesive tape. To determine
the research variables, a number of tests were se-
lected, including the explosive strength test for the
legs (standing vertical jump) and the standing broad
jump test.

Research procedures

Field procedures

First test: Explosive strength test of the legs (vertical
jump from a standing position) (Musa, 2014, p.87).

The purpose of the test: to measure the explosive
strength of the muscles of the leg associated with the
take-off phase in vaulting on the vaulting horse.

Tools: Vertical vaulting measuring board or Vertec
device.. Chalk or measuring tape.. Results recording
form.

Method of performance: The testee stands next to
the wall and raises the arm closest to the wall to de-
termine the highest point that can be reached from
a static and standing position. The testee bends his
knees slightly and then jumps vertically upwards to
the highest possible height while touching the wall,
and the distance between the standing mark and the
jump mark is calculated.

Recording: The tester gives three attempts and the
best attempt is recorded in centimeters.

Second test: Standing broad jump test (Musa, 2014,
p- 87).

The purpose of the test: to measure the muscular
strength of the legs associated with the ground thrust
phase during take-off.

Tools used: measuring tape, floor mat, chalk to
mark the landing point.

Performance method: The testee stands behind the
starting line with parallel feet, bends knees, swings
arms, then jumps forward as far as possible and lands
with both feet.

Recording: The distance is measured from the start-
ing line to the nearest point the body touches after
landing. Three attempts are given, and the best one
is recorded in meters.

Pilot study

The researchers implemented the pilot study on
Sunday, March 4, 2026 at 8:00 am on 4 students who
were outside the sample (from section B) in the Gym-
nastics Hall for the College of Physical Education
and Sports Sciences for Women. During the experi-
ment, the explosive strength test for the legs (vertical
jump from a standing position) and the standing
broad jump test were performed. The horse jump-
ing skill test (tuck — straddle) was conducted, and
the members of the exploratory sample were filmed
while performing the jumping (tuck — straddle) on
the vualting horse with a video camera at a speed
of 120 frames/second. Four days later, the test was
repeated under the same conditions. The goal of the
experiment was the following:

o Verifying the suitability of the tools and equip-
ment used in the main experiment.

o Identifying potential challenges the researcher
may encounter and finding appropriate solu-
tions.

o Determining the placement, height, and distance
of the cameras.

o Verifying the competence of the support team
members.

o Deriving the scientific basis for the tests.

Identifying the most important biomechanical vari-
ables of the vaulting skill (tuck — straddle) on the
vaulting horse was by Kinovea biomechanical anal-
ysis software.
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Table 2. Shows the percentage of expert agreement for the biomechanical variables.

Biomechanical Variables

No. skill

Knee joint angle at take-off

Hip joint angle at take-off

Ankle joint angle at push-off

Trunk inclination angle at take-off

Take-off angle of the center of mass

Vertical velocity of the center of mass at take-off
Push-off time

Take-off time

Vault (Tuck and Straddle)

XN O Ul WD

P LCL

S rala St 3 elEI WY Alaa) A B Ak 3K e o lEs )

Fig. 1. Illustrates the values of the biomechanical variables.

After reviewing a number of scientific sources and
research in the field of biomechanical artistic gym-
nastics, the researchers designed a questionnaire that
included a set of biomechanical variables that are
appropriately related to the performance of the gym-
nastics skills. It was presented to ten experts and
specialists in the field of artistic gymnastics - biome-
chanics to choose the appropriate items.

After processing the forms and calculating the per-
centage, the researchers relied on the biomechanical
variables that received an agreement rate of 80% from
experts, as shown in Table 2. These variables are illus-
trated in Fig. 1.

Evaluating technical skills performance: The skill
assessment was conducted based on the scores of (4)
referees. Gymnastics experts were consulted to eval-
uate the technical performance of the sample, and
the evaluation score was out of (10) points per skill.
The performance was assessed by indirect observa-

tion using a CD-based skill performance distribution
to the referees. The final score was extracted by delet-
ing the highest and lowest scores, then calculating
the sum of the two remaining scores and dividing
it by (2) to find the arithmetic mean of the referees’
scores.

Main experiment

The researchers implemented the main experience
on Sunday, March 15, 2026 on (10) freshmen female
students (section A) in the College of Physical Edu-
cation and Sports Sciences for Women. The cameras
were mounted on fixed supports 4.55 meters apart
and 1.35 meters high on the vaulting platform for both
the front and side cameras, and the camera speed was
set to 120 frames per second. Before the test began,
the researchers provided a detailed explanation of the
procedure.
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Table 3. Means, standard deviations, median, and skewness coefficient for the explosive power of the legs
(standing long jump and vertical jump) and the vault performance on the horse (straddle and tuck).

Variables Mean Median Standard Deviation Skewness
Standing Long Jump Test 179.30 170 19.500 0.525
Vertical Jump Test 2.276 2.35 0.114 1.688
Vault Performance (Straddle) 5.90 6.00 1.853 0.998
Vault Performance (Tuck) 6.40 7.00 1.647 0.993

Table 4. Shows the means, standard deviations and skewness coefficient for the vault performance on the
horse (straddle - tuck) and the biomechanical variables.

Variables Mean Median Standard Deviation Skewness
Vault Performance (Straddle) 5.90 6.00 1.853 0.998
Take-off Time 0.262 0.23 0.027 0.137
Push-off Time 0.163 0.14 0.017 0.036
Instant of Take-off 65.570 66.70 1.647 1.047
Ankle Joint Angle 134.910 132.50 1.552 0.351
Knee Joint Angle 145.280 143.70 1.418 0.579
Trunk Inclination Angle 54.66 54.60 1.341 0.188
Height of the Center of Mass 108.37 108.12 1.210 1.030
Maximum Flight Height 146.65 148.02 1.634 0.149
Vertical Velocity 2.69 2.81 0.152 1.051
Vault Performance (Tuck) 6.40 7.00 1.647 0.993
Take-off Time 0.292 0.26 0.029 0.140
Push-off Time 0.180 0.17 0.018 0.038
Instant of Take-off 66.870 67.80 1.657 1.057
Ankle Joint Angle 135.811 133.50 1.454 0.324
Knee Joint Angle 146.432 146.70 1.425 0.554
Trunk Inclination Angle 60.66 60.60 1.541 0.268
Height of the Center of Mass 106.37 106.12 1.110 1.060
Maximum Flight Height 144.65 144.02 1.524 0.135
Vertical Velocity 2.89 2.93 0.132 1.043

Statistical analysis

The SPSS statistical package was used to statisti-
cally process the results.

3. Results

As shown in Table 3, the results showed that the
mean for the standing long jump test was (179.30),
while it was (2.276) for the vertical jump. The average
skill performance was (5.90) for the straddle vault
and (6.40) for the tuck vault, with values of the
skewness coefficient ranging between (0.525-1.688),
which are within the statistically acceptable limits,
indicating the moderation of the data distribution
and the possibility of relying on it in the analysis.

As presented in Table 4, the results showed that
the means, standard deviations, and skewness coef-
ficient for the skill performance score (straddle vault
and tuck vault) on the vaulting platform, as well as
the biomechanical variables associated with the take-
off phase for both skills, were similar in skewness
coefficient values for most of the variables, ranging
between (0.036-1.060), which indicates the normality
of the data distribution and the possibility of relying
on it in the analysis.

143

The results showed a significant correlation be-
tween the straddle and tuck vaults and the muscular
strength of the legs.

The results showed that the correlation between the
straddle vault and some biomechanical variables was
significant for some variables, while it was not signif-
icant for others.

The results showed that the correlation between
the tuck vault and some biomechanical variables was
significant for some variables, while it was not signif-
icant for others.

4. Discussion

Table 5 shows that there is a significant correlation
between the performance of the jumping stroke and
the standing broad jump test, indicating that the
explosive power of the legs contributes to improving
skill performance. This is because this force is the
primary factor in generating forward and vertical
thrust, which helps to raise the body’s center of mass
and achieve a suitable trajectory during take-off, thus
positively impacting performance quality. Sands et al.
(2016) confirm that leg muscle strength is one of the
most important elements and basic determinants
in vaulting performance skills in gymnastics.
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Table 5. Shows the correlation between vaulting performance (straddle and tuck) and leg muscular strength.

Variables Mean Standard Deviation R Sig. Significance
Vault Performance (Straddle) 5.90 1.853

Standing Long Jump Test 179.30 19.500 0.453 0.026 Significant
Vertical Jump Test 2.276 0.114 0.436 0.034 Significant
Vault Performance (Tuck) 6.40 1.647

Standing Long Jump Test 179.30 19.500 0.556 0.028 Significant
Vertical Jump Test 2.276 0.114 0.946 0.049 Significant

Table 6. Shows the correlation between the straddle vault performance of the jump and the biomechanical variables of the take-off phase.

Variables Mean Standard Deviation R Sig Significance
Vault Performance (Straddle) 5.90 1.853

Take-off Time 0.262 0.027 0.426 0.219 Not-significant
Push-off Time 0.163 0.017 0.579 0.074 Significant
Instant of Take-off 65.570 1.647 0.813 0.086 Significant
Ankle Joint Angle 134.910 1.552 0.725 0.128 Not significant
Knee Joint Angle 145.280 1.418 0.094 0.797 Not significant
Trunk Inclination Angle 54.66 1.341 0.579 0.079 Significant
Height of the Center of Mass 108.37 1.210 0.654 0.005 Significant
Maximum Flight Height 146.65 1.634 0.644 0.016 Significant
Vertical Velocity 2.69 0.152 0.643 0.045 Significant

Moreover, a significant relationship emerged between
the performance of the straddle vault and the vertical
jump test, indicating the importance of producing
force in a vertical direction in improving height and
take-off time. This is consistent with what Prasas et al.
(2018) indicated, that developing muscular power
contributes to improving the motor characteristics
associated with technical performance in gymnastics
devices.

In the vaulting event, a significant correlation
emerged between performance and the broad jump
test. This underscores the importance of horizontal
force during takeoff, as it contributes to providing
the necessary momentum to complete the skill. This
aligns with the findings of some researchers (Takei,
2015), who stated that balance between the horizontal
and vertical components is essential in the vaulting
performance. The correlation value between the tuck
vault and the vertical jump test was (0.946), which
is a high value. Razzaq et al. (2019) pointed out that
“Special strength training has a direct impact on
the speed of motor performance, especially in the
approach and take-off phases, due to its crucial role
in generating the instantaneous strength needed to
cross the vaulting platform and achieve optimal skill
performance.”

This indicates that this skill relies heavily on
explosive power, due to the need for great speed in
bringing the body together and controlling it during
the take-off, which requires producing a large force
in a short time, as confirmed by Kwon et al. (2019).
The results in Table 6 show that there is no significant
relationship between the straddle vault performance

and the take-off time (0.426), which indicates that
the take-off time itself is not a decisive factor in
determining the quality of performance.

The researchers believe that performance efficiency
in vaulting performance depends on the quality of
the thrust, not just its duration. This aligns with what
Irwin and Kerwin (2009) indicated, namely that per-
formance effectiveness in vaulting depends on the
characteristics of the thrust, not its duration. A signifi-
cant relationship emerged between performance and
thrust time (0.579), indicating the importance of this
stage in converting horizontal speed to vertical speed
because it contributes to determining the height of the
center of mass and take-off time.

The push-off phase is one of the most important
performance phases in vaulting performance (Takei,
2015). The same table shows a significant relationship
between performance and launch time (0.813), which
indicates that the timing of the hand contact plays
an important role in determining the movement path.
The results of Bradshaw and Hume (2012) confirmed
that the appropriate timing of the push phase before
the vaulting helps to achieve the best launch angle.
Concerning the ankle joint angle and the knee joint
angle, no significant relationships were found. This
can be attributed to the fact that the research sample
lacks sufficient experience in coordinating body parts.
It can also be added that novice students may rely
on (general thrust) without achieving (ideal angular
coordination) like experienced ones.

In contrast, a significant relationship was shown
between performance and trunk tilt angle, indicating
the importance of trunk position in guiding
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Table 7. Shows the correlation between tuck vault performance of the jump and the biomechanical variables of the take-off phase.

Variables Mean Standard Deviation R Sig Significance
Vault Performance (Tuck) 6.40 1.647
Take-off Time 0.292 0.029 0.605 0.064 Significant
Push-off Time 0.180 0.018 0.374 0.287 Not significant
Instant of Take-off 66.870 1.657 0.763 0.010 Significant
Ankle Joint Angle 135.811 1.454 0.829 0.003 Significant
Knee Joint Angle 146.432 1.425 0.159 0.667 Not significant
Trunk Inclination Angle 60.66 1.541 0.702 0.031 Significant
Height of the Center of Mass 106.37 1.110 0.024 0.947 Not significant
Maximum Flight Height 144.65 1.524 0.136 0.708 Not significant
Vertical Velocity 2.89 0.132 0.068 0.851 Not significant
movement during take-off. The appropriate This can be explained by the fact that the skill of

tilt contributes to achieving a balance between
the horizontal and vertical directions (Takei,
2015). Moreover, the results revealed significant
relationships between the height of the body’s
center of mass, the maximum altitude of flight, and
also with vertical speed; which indicates that these
variables are important indicators in determining
performance quality, as they reflect the efficiency of
force conversion into kinetic achievement.

Sands et al. (2016) agreed that the height of
the center of mass and vertical speed are among
the most important factors and determinants in
vaulting performance skills in gymnastics. Therefore,
increasing the vertical speed at the moment of take-off
directly leads to an increase in flight time according
to the laws of projectile motion, which gives the
student enough time to perform the main part of the
skill (opening or closing).

Moreover, Table 7 showed a significant relationship
between the vaulting performance and the take-off,
which confirms the importance of timing in this skill
becasue the vaulting performance requires precise co-
ordination between the stages of movement.

There is also a significant relationship between
performance and take-off time, which indicates the
importance of the moment of take from the vault
in determining the success of the performance.
Bradshaw and Hume (2012) indicates that proper
timing influences achieving the correct movement
position. There is also a significant relationship
between ankle joint angle and trunk tilt angle,
demonstrating the importance of terminal thrust in
guiding the body during take-off. This is consistent
with what Takei (2015) stated, that the ankle joint
contributes to giving the final push, as it is the last
part of the kinetic chain of the body that participates
in producing force when taking off.

He also emphasized the importance of torso posi-
tion in achieving balance and control during perfor-
mance. No significant relationship was found with
thrust time or knee angle with the center of mass
height, maximum height, and vertical speed.

tuck vault skill depends more on the variables of
timing and motor coordination, which explains the
emergence of significant relationships with take-off
time, launch time, ankle angles and trunk tilt due
to their direct connection to the organization of the
motor thythm and the body’s trajectory.

On the other hand, no significant relationships were
found with other biomechanical variables since they
do not represent a decisive factor in distinguishing
performance levels in this skill, which does not re-
quire extreme mechanical demands compared to the
straddle vault. This aligns with Kwon et al. (2019),
who emphasize that performance in the tuck vault
depends not primarily on height, but rather on motor
control and timing.

5. Conclusions

Through the discussion of the results, the re-
searchers came up with the following conclusions:

1- The muscular strength of the legs plays a key role

in improving performance levels in the skills of

jumping on the vaulting platform (straddle and
tuck).

Successful open vaulting performance is con-

nected to biomechanical variables related to the

take-off and launch phases, particularly those af-
fecting the height of the body’s center of mass
and flight time.

3- Performance in tuck vaulting depends more
on biomechanical timing and precise control of
body position during the take-off, compared to
relying on altitude variables.

4- Some biomechanical variables (e.g., knee angle)
actually have little effect on performance.
Therefore, it is more important for motor
coordination and integration of body parts are
more important than individual angular values.

5- The variables affecting performance vary
according to the skill type (straddle and tuck),

N
)
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indicating the particular biomechanical needs of
each skill.

6- A higher center of mass and vertical speed
contribute to better performance quality in
open vaulting. They are indicative of the
effectiveness of converting force into effective
motor performance.

6. Recommendations

1- Both educational and training programs should
focus on leg muscular strength, connecting it to
the specific skills required during the take-off
phase on the vault.

2- The correct application of joint angles and move-
ment timing in the take-off phase should also be
taught to students, as it directly affects perfor-
mance quality.

3- Biomechanical analysis should be used as a tool
to evaluate performance and identify errors,
particularly in gymnastics vaulting skills.Future
studies should examine other variables (such as
neuromuscular coordination or speed-strength)
and their relationship to skill performance on
various gymnastics vaulting platform.
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