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Abstract: Exercises for the core can be categorized as promoting core-stability, core-strength, or
functionality, as these are crucial aspects of most sports activities. This study aimed to examine the
effects of using core complex training (CCT), complex training (CT), and core exercise (CE) on some
aspects of muscle strength and shooting performance in basketball players. The 36 participants were
divided into three groups of 12 each, and then the experimental approach was applied to each group.
The groups were labeled as follows: the core complex training group (N = 12; age, 18.58 & 0.67 years;
height, 178.08 £ 0.79 cm; weight, 76.42 £ 1.38 kg; training age, 7.42 £ 0.51 years); the complex
training group (N = 12; age, 18.50 £ 0.52 years; height, 177.92 & 1.31 cm; weight, 76.67 £+ 1.78 kg;
training age, 7.33 & 0.49 years); and the core exercise group (n = 12; age, 18.42 & 0.52 years; height,
177.75 £ 1.29 cm; weight, 76.58 & 1.38 kg; training age, 7.42 £ 0.67 years). For ten weeks, each of the
three groups participated in three training sessions every week. This study investigates the impact of
core complex training on basketball shooting ability and muscle strength. The eight-week program,
consisting of weight training, plyometric exercises, and core exercises, yielded improvements in
muscle strength and shooting accuracy. In tests of muscular strength and basketball shooting ability,
the CCT group outperformed the CE and CT groups. The F value varied from 3.75 to 58.77, which are
function values with a p < 0.05 significance level. The core complex training group exhibited superior
muscle strength to that of both the complex training group and the core exercise group, in some areas.
This is shown in the results of the javelin quadrathlon medicine ball test, the core muscle strength and
stability test, the sit-up abdomen test, the sit-up back test, the standing long jump test, the Sargent
jump test, and the shooting test (p < 0.005). Due to the effect of the core complex training program
on improving performance efficiency and muscle strength, which affects the results of matches, we
have recommended using the proven basic strength training program at other age stages, with the
objective of including the concept, importance, and design of compound basic strength training in
training programs used by basketball coaches.

Keywords: core exercise (CE); complex training (CT); core complex training (CCT); basketball; shooting

1. Introduction

The aim of core complex training is to strengthen the muscles in the core and lower
extremities in order to enhance performance and prevent injuries. Core complex training
has been demonstrated to improve the knee and lumbar isokinetic muscle function in
throwers [1]. The majority of sports actions require a strong core, which can be developed
through core-stability, core-strength, and functional workouts [2]. The core musculature is
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required for both stability and mobility, which allows for the transfer of momentum during
athletic movements [3]. Exercises that prioritize isometrics, with imposed loads through
limb movement, are frequently included in core complex training programs [4]. These
programs can offer physiological and biomechanical benefits that improve preparation for
most sports [5].

One of the most important physical traits is muscular strength, since it serves as the
basis for movement. The abdominal muscles, gluteus, hip girdle, and pelvic floor muscles
make up the core muscles, which work in concert with the muscular trunk to provide
the body with strength and stability [6]. The ability to perform motor skills is one of the
requirements for success, so some researchers in the field of sports training are interested in
discovering new ways, methods, and training strategies to train its components (muscular
ability and muscular endurance) to contribute to the growth of physical abilities and
increase the level of performance with the least amount of effort and time [7]. The most
crucial element of fundamental training is basic endurance since it helps the core muscles
maintain the body’s posture effectively [8]. Basic endurance is crucial for spinal stability
during extended exercise [9]. Both tall and short basketball players need muscle because it
increases speed by a greater percentage than muscle strength does for a tall player. This
allows the short player to make up for his lack of height by raising the level of his jump
height by increasing the strength of his jump more than the percentage of his speed [10].
In their research findings, Santos and Janeira [11] and Kukuric et al. [12] concluded that
mechanically similar plyometric-training should be alternated, group by group, with weight
training in the same training session to improve muscular ability and athletic performance.
Complex training (CT), which includes weight training and plyometric exercise, is an
effective fitness training method, according to Chabut [13], Akuthota [14], Kibler [15], and
Tinkir and Uzun [16]. By using strength training (core exercise), which is a reflection of the
muscular endurance of the muscles working in the trunk area, a popular form of physical
fitness today due to its effectiveness in enhancing performance, the player can raise their
performance levels by accelerating their bodies more quickly while in motion.

According to several studies, core exercise (CE) increases the strength and endurance
of the trunk muscles, as well as the neuromuscular coordination between the spine and
pelvis [17-19]. In addition, it helps to facilitate the movement of force from top to bot-
tom and vice versa, which improves the performance of athletic skills [8,15,18,20,21].
Through the studies conducted in the fields of training in general, and basketball in par-
ticular, Kukuric et al. [12], Chabut [13], Chaouachi et al. [22], Santos and Janeira [11],
Aku-thota et al. [14], and Kibler et al. [15] noted the use of these studies to identify modern
methods and strategies for the development of muscle strength components. Basketball
is a fast-paced game that calls for swift changes in speed and direction, as well as a fluid
rhythm of play that includes quick movements, jumping, and abrupt stops. This makes it
necessary to find new and better techniques to enhance physical fitness, particularly the
components related to muscle strength [23,24]. In order to provide appropriate recovery
from the high-intensity actions involved in the game, recovery tactics are frequently used
in basketball. Basketball requires core qualities like agility and reactive agility, not just the
ability to complete a straight sprint [25]. Coaches can analyze players’ levels of fitness by
comparing them to elite basketball players using standardized, normative data from the
NBA Combine Physical Fitness Testing and other tests that are specialized to basketball [26].
We have observed a decline in the proficiency of basketball players in the area of shooting,
attributable to certain deficiencies in their physical muscular capacity. In response, we
endeavored to employ modern methods to enhance their muscle strength, thereby amelio-
rating their shooting performance. This study aimed to examine the effects of using core
complex training (CCT), complex training (CT), and core exercise (CE) on some aspects
of muscle strength and basketball players” shooting performance. We made the following
assumption: (A) there will be significant differences between the (CCT, CE, and CT) group’s
pre- and post-measurement averages in several components of muscular strength and
the increase in aiming performance., which was confirmed by: (B) the averages of the
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dimensions measures for the three research groups (CCT, CE, and CT) varied significantly
in various aspects of muscular strength and improved aiming performance.

2. Materials and Methods
2.1. Participation

There were 50 players in the research community, which included basketball players
in the Eastern Province of Saudi Arabia. The participants in the study totaled (36) players,
who were split into three groups with a total of (12) players in each group. Every group
was chosen at random. As can be seen in (Table 1), the three groups were determined to be
equal and homogeneous. The following inclusion/exclusion requirements were followed:
(1) Basketball players with at least five years” of experience who participated at the same
level. (2) Four athletes were removed because they had injuries that made it difficult for
them to perform or shoot baskets. Informed consent forms were supplied to all participants.
The King Faisal University’s Scientific Research Ethics Committee in the Kingdom of Saudi
Arabia gave the project their stamp of approval. Participants” health reports were acquired
prior to the study’s completion. We use the Steven K. Thompson [27] equation to calculate
the sample size, as follows:

Nxp(l-p)
[[N—1x(d+22)]+p(1-p)]

n—=

n: sample size; N: population size; z: confidence level at 95% (1.96); d: error proportion
(0.05); p: proportion (50%).

Table 1. Mean, deviation, and F value for age, height, weight, and training age.

CCT CT CE
Variables Standard N=12 N=12 N=12 F Sig.
Mean SD Mean SD Mean SD
Age Year 18.58 0.67 18.50 0.52 18.42 0.51 0.254 0.777
Height cm 178.08 0.79 177.92 1.31 177.75 1.29 0.250 0.781
Weight kg 76.42 1.38 76.67 1.78 76.58 1.38 0.084 0.920
Training age Year 7.42 0.51 7.33 0.49 7.42 0.67 0.087 0.917

It is clear from Table 1 that there are no statistically significant differences between
the three groups, CCT, CT, CE, which indicates the homogeneity and equivalence of those
groups, where p > 0.05.

2.2. Tools and Devices

We measured weight on a medical scale and height in cm. The InBody 720 tool (InBody
Co., Seoul, Republic of Korea) was used to calculate body weight and height. The validity
of this instrument has been discussed previously [28,29]. A measuring tape, along with
basketballs, a wall stick, an iron bar, stopwatches, various weights, rubber bands, sticks,
and Swiss balls were used in the tests. The tests included the core muscle strength and
stability (CMSS) test, the sit-up abdomen test (SUA), the sit-up back test, the standing long
jump test (SLJ); the Sargent jump test (S]); the medicine ball javelin quadrathlon (MBJQ)
test, and a shooting test (see Appendix B). To ensure the validity and reliability of the
measures, the exploratory investigation used a sample different from the original sample.

2.3. Procedures
2.3.1. Training Program

The aim of the program is to develop muscle strength and improve the level of shooting
performance in basketball. Over a duration of 10 weeks, each of the three groups underwent
30 training units, with each week consisting of 3 training units. The allotted time for each
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unit ranged from 45 to 60 min, with an additional 15 to 20 min allotted for the warm-up
and closure stages, which were conducted separately. The preliminary exercises consisted
of general preparation exercises, comprised of 3 to 5 sets, with 8 to 12 repetitions. For the
strength stage, the groups were categorized into 3 to 5 groups, with 5 to 6 repetitions. For
the stage of strength that was characterized by speed, the groups were divided into 3 to
5 groups, with repetitions ranging from 2 to 5 replications (see Appendix A). Table 2 shows
the distribution of the program for the three groups across the days of the week.

Table 2. The time table for implementing the three training programs.

2.3.2. Time Frame

Prior to the start of the programs, all research variables were pre-measured for the
three groups. Typical warm-ups last for about 15 min. The players were vocally urged to
give the tests their highest effort and to concentrate as hard as they could. The research
groups’ baseline measurements were taken on 11 and 12 January 2023. Every person in
the three groups were tested in the same way, starting on 15 January 2023, and ending
on 23 March 2023. On 26 and 27 March 2023, after the training program had been fully
implemented, we measured the groups once more in a manner similar to the way in which
the pre-measurement was performed.

2.3.3. Statistical Analysis

The results from the 36 participants were taken into account in the statistical analysis
using SPSS 26 (IBM, Corp., Armonk, NY, USA). The data exhibited a normal distribution,
according to the Kolmogorov-Smirnov test, which we employed to determine their nor-
mality, yielding a p value of 0.001. To analyze the data, t-tests and one-way ANOVA were
performed. When d is between 0 and 0.2, the influence is modest or insignificant; when it is
between 0.2 and 0.5, the influence is medium; and when it is between 0.5 and 0.8, the influ-
ence is strong; beyond 1.4, the influence is quite large. The threshold for significance was
set at p < 0.05. The significance threshold was set at p < 0.05, and the Steven K. Thompson
equation was applied to the study population where n: sample size; N: population size;
Z: confidence level at 95% (1.96); d: error proportion (0.05); p: percentage (50%), N = (50),
P = (0.50), d2 = (0.0025), and Z2 = (3,8416).

3. Results

Tables 3-6 show the results of the before and after measurements for the CCT, CT, and
CE groups. The pre- and post-measurements for the CCT group are compared in Table 3,
where the calculated F value is greater than the tabular F value at the indicative level. (0.05)
(p = 0.001). For the tests (CMSS, SUA, SUB, SLJ, SJ, MBJQ, and shooting), the Cohen’s d
values were calculated as follows: 3.34, 6.25, 3.46, 7.83, 25.32, 34.80, and 5.61 in the direction
of the post-measurement.
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Table 3. The mean and standard deviation pre- and post-test for the basketball players in the

CCT group.
95% Confidence
. PRE POST Interval of the Cohen’s  Imp. .
Variables Standard Difference t d Percent Sig
Std. Std.
holL Deviation L Deviation L B
CMSS min 1.92 0.08 2.20 0.05 —0.33 —0.22 11.57 3.34 14.58 0.001 *
SUA count 18.83 0.72 26.83 0.94 —8.81 —-7.19 21.66 6.25 42.49 0.001 *
SUB count 17.17 0.72 22.58 1.51 —6.41 —442 12.00 3.46 31.51 0.001 *
SLJ cm 196.58 3.58 221.75 2.26 —2721 —-2312 27.12 7.83 12.80 0.001 *
SJ cm 37.04 0.19 48.32 0.36 —11.56 —11.00 87.72 25.32 30.45 0.001 *
MBJQ meter 5.24 0.07 8.26 0.06 —3.08 —2.97 12055 34.80 57.63 0.001 *
Shooting  count 7.33 0.49 12.92 1.00 —6.22 —495 1942 5.61 76.26 0.001 *

CMSS = core muscle strength and stability; SUA = sit-up abdomen test; SUB = sit-up back test; SL] = standing
long jump test; S] = Sargent jump test; MBJQ = medicine ball javelin quadrathlon test; SD = std. deviation; Imp.
percent = improvement percent; * p < 0.05.

Table 4. The mean and standard deviation pre- and post-test for the basketball players in the

CT group.
95% Confidence
Variables Standard PRE POST Inrt;airf‘f/:ieonfctehe t COlclienls Pifclsl;t 1g

Mean SD Mean SD Lower Upper
CMSS min 1.91 0.06 2.15 0.06 —0.30 —0.18 9.02 2.60 12.57 0.001 *
SUA count 18.33 0.78 24.67 0.89 —7.16 —5.51 16.84 4.86 34.59 0.001 *
SUB count 17.08 0.52 20.75 0.75 —4.40 —2.93 11.00 3.18 21.49 0.001 *
SLJ cm 194.83 3.54 220.00 1.71 —2754  —22.79 23.33 6.73 12.92 0.001 *
SJ cm 37.01 0.14 46.38 0.80 —9.89 —8.85 39.83 11.50 25.32 0.001 *
MBJQ meter 519 0.06 7.33 0.25 —2.29 —1.98 30.90 8.92 41.23 0.001 *
Shooting ~ count 7.25 0.62 10.58 0.52 —3.83 —2.84 14.83 4.28 4593 0.001 *

CMSS = core muscle strength and stability; SUA = sit-up abdomen test; SUB = sit-up back test; SL] = standing
long jump test; S] = Sargent jump test; MBJQ = medicine ball javelin quadrathlon test test; SD = std. deviation;
Imp. percent = improvement percent; * p < 0.05.

Table 5. The mean and standard deviation pre- and post-test for the basketball players in the

CE group.
95% Confidence
Variables Standard PRE POST Inlt)ei?fr:i e(;f Ctehe t Colcllen’s Pg:gﬁ Sig

Mean SD Mean SD Lower Upper
CMSS min 1.90 0.05 2.12 0.05 —0.26 —-0.17 10.81 3.12 11.58 0.001 *
SUA count 18.42 0.52 24.58 0.79 —6.93 —5.41 17.90 5.17 33.44 0.001 *
SUB count 17.17 0.72 20.58 0.52 —4.05 —2.78 11.88 343 19.86 0.001 *
SLJ cm 194.75 3.55 219.92 1.51 —27.46 —22.87 24.12 6.96 12.92 0.001 *
SJ cm 37.01 0.13 46.26 0.89 -9.79 —8.71 37.75 10.90 24.99 0.001 *
MBJQ meter 5.21 0.05 7.38 0.32 —2.37 —-1.97 24.11 6.96 41.65 0.001 *
Shooting count 7.17 0.72 10.42 0.52 -3.73 —2.77 14.94 431 45.33 0.001 *

CMSS = core muscle strength and stability; SUA = sit-up abdomen test; SUB = sit-up back test; SL] = standing
long jump test; S] = Sargent jump test; MBJQ = medicine ball javelin quadrathlon test; SD = std. deviation; Imp.
percent = improvement percent; * p < 0.05.
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Table 6. The mean, SD, and F-values for the three groups of basketball players (CCT, CT, and CE).

LSD
Défﬁﬁﬁfe“ ' Standard (Gormue ]I;/f;’;‘e‘; Std. Sig. Mean SD F Sig.
ence Error
CT 0.048*  0.0218 0.036
ccT CE 0.077*  0.0218 0.001 2.20 0.05
CCT 0.048* 0.0218 0.036
SRR min T CE 0.029 0.0218 0.189 215 0.05 CREEA I
CCT 0.077*  0.0218 0.001
CE CT 0.029 0.0218 0.189 212 0.05
CT 2.167 * 0.357 0.001
ccT CE 2.250 * 0.357 0.001 26.83 094
CCT 2.167 * 0.357 0.001 .
SUA count CT CE 0.083 0.357 0.817 24.67 0.89 25.52 0.001
CCT 2.250 % 0.357 0.001
CE CT 0.083 0.357 0.817 24.58 079
CT 1.833% 0.415 0.001
cCt CE 2.000 * 0.415 0.001 22.58 151
CCT 1.833% 0.415 0.001 .
SUB count CT o 167 e 0690 20.75 0.75 1431 0.001
CCT 2.000 * 0415 0.001
CE CT 0.167 0.415 0.690 20.58 051
CT 1.750 * 0.756 0.027
ccT CE 1.833 * 0.756 0.021 22175 2.26
CCT 1.750 * 0.756 0.027
SLJ cm CT o 5083 75 0913 220.00 1.71 375  0.034*
CCT 1.833% 0.756 0.021
CE CT 0.083 0.756 0913 219.92 151
CT 1.943 % 0.294 0.001
ccT CE 2.064 % 0.294 0.001 48.32 036
CCT 1.943 % 0.294 0.001 .
s cm CT o T2l 201 e 46.38 0.80 31.04  0.001
CCT 2.064 * 0.294 0.001
CE CT 0.121 0.294 0.684 46.26 089
CT 0.928 * 0.096 0.001
ccT CE 0.877 * 0.096 0.001 8.26 0.06
MBJQ meter CT T 09287 0.0% 0.001 7.33 0.25 58.77  0.001*
CE 0.051 0.096 0.601 ' ' : :
CCT 0.878* 0.096 0.000
CE CT 0.051 0.096 0.601 738 032
CT 2.333% 0.291 0.001
ccT CE 2.500 * 0.291 0.001 1292 1.00
Shootin CCT 2.333% 0.291 0.001 .
g count CT CE 0167 0291 0571 10.58 0.51 46.19 0.001
CCT 2.500 * 0.291 0.001
CE CT 0.167 0.291 0.571 1042 0-51

CMSS = core muscle strength and stability; SUA = sit-up abdomen test; SUB = sit-up back test; SL] = standing
long jump test; S] = Sargent jump test; MBJQ = medicine ball javelin quadrathlon test; SD = std. deviation; Imp.
percent = improvement percent; * p < 0.05.
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The variables for the basketball players in Table 4 are different between the pre- and
post-measurements of the CT group because the computed F value is higher than the
tabular F value at the indicative level (0.05) (p = 0.001). We discovered that the results for
the Cohen’s d values for the CMSS, SUA, SUB, SL], S], MBJQ, and shooting tests revealed
the following rates, respectively: 2.60, 4.86, 3.18, 6.73, 11.50, 8.92, and 4.28, in the direction
of the post-measurement.

Table 6, where the calculated F value is larger than or equal to the tabular F value
at the indicative level, displays the differences between the three groups of basketball
players following the measurements. The F value was found to range from 3.75 to 58.77
(p < 0.05). The LSD results likewise demonstrated the CCT group’s superiority over the CT
and CE groups.

4. Discussion

The current study intends to evaluate how some components of basketball shooting
ability and muscle strength are affected by core complex training. The training was con-
ducted three times every week for 10 weeks. Due to the effectiveness of CCT, which consists
of weight training, plyometric (compound) training, and core exercises, we discovered an
improvement in the results of the tests of some components of muscle strength (CMSS,
SUA, SUB, SLJ, SJ, and MBJQ) by 14.58%, 42.49%, 31.51%, 12.80%, 30.45%, and 57.63%
p < 0.05, respectively, and an improvement in the skill of shooting by 76.26. This is because
CCT, which includes weight training, plyometric (compound) training, and core exercises,
is effective. To develop powerful and evenly distributed muscles all the way around the
spine, pelvis, and shoulder girdle bones, this kind of training relies on the integration
of body movement as a single unit. The muscles of the lower and upper limbs, as well
as the torso, were all significantly strengthened as a result, and there was a noticeable
improvement in these muscles. The study by Belli et al. [17] found that an 8-week core
training method, using a straightforward exercise program, resulted in discernible improve-
ment. It significantly contributed to the development of the lower leg, trunk, and upper
limb muscles. This is consistent with research by Shinkle et al. [30], Byars et al. [31], and
Kahle [32] that demonstrated the group of core muscles are responsible for regulating the
area surrounding the spine and pelvis, providing stability, balance, and fluid movement for
athletes. Movement becomes difficult and the spine becomes unstable without the efficacy
of these muscles, which is why completing core workouts is so important. This is in line
with the findings of the study by Ingle et al. [33], which showed that incorporating “stretch-
ing and shortening” exercises into weight training is beneficial for both the upper and
lower body. It is also a secure form of exercise that enhances strength, jumping, throwing,
and short-distance running.

According to the research of Santos et al. [11] and Stojanovic. et al. [34], regular weight
training for six weeks increased the height and stability of the vertical jump by 3.3 cm,
while plyometric training increased it by 3.8 cm. Combining the two types of training over
the same time period resulted in an increase of 10.7 cm, confirming the effectiveness of
increased muscle mass. Additionally, we discovered improvements in the scores on tests
for some muscle strength components (CMSS, SUA, SUB, SLJ, 5], and MBJQ) p < 0.05,
as well as an improvement in shooting skill for the (CT) group as a result of the use of
complex training We considered the reduction of the time the arms or feet were in contact
with the ground while doing the plyometric activities. The “lengthening and shortening”
workouts lessen the time it takes for muscles to contract, which is important because the
player jumps as soon as his feet or arms hit the ground. This is confirmed by Ebben [35]. In
regards to the usefulness of weight training combined with “lengthening and shortening”
exercises to increase athletic performance and explosive power, according to research by
Ingle et al. [33], combining weight training with “stretching and shortening” exercises
is a safe training method that increases strength, leaping, throwing, and short-distance
running abilities. In Table 5 of the CE group, we identified improvements in various muscle
strength components, p < 0.05. This improvement is a result of CE, which was developed
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to stabilize and strengthen the trunk muscles, which are comprised of 29 muscle pairs [36].
Strengthening this region enhances the motor transport processes between the parties by
using fixed muscle contraction exercises to strengthen the internal trunk muscles, create
balance and muscular endurance in these muscles, as well as strengthen the abdominal
muscle group to increase the strength, rigidity, and bulk of the abdominal muscles. The
trunk is the link in the kinetic chain that transfers force from one party to another when
performing motor skills, and performing core exercises in various contexts, with varying
repetitions and directions, and with varying physical loads, increased both the research
sample’s motor stock and motivation for performance. The trunk muscles’ internal and
external coordination improved, enabling them to complete the necessary motor tasks,
such as running, jumping, passing, and aiming, as well as the quick, sudden movements
included in the physical and skill tests being studied.

Strength development benefits from basic exercise [37—-40]. Basic training improves
athletic performance, according to numerous studies [19,41-44]. This is in line with studies
by Sharrock et al. [45], Oliver et al. [46], and Saeter-bakken et al. [20] that showed that CE
increased players’ physical fitness, which had a significant impact on skill performance and
improved aim compared to programs without CE. According to the study by Lee [47], basic
stabilization training on an unsteady surface activates the deep abdominal and back muscles
and is successful in stabilizing the pelvis and trunk. The CE training course, according to
Cissik, [48], Tsukagoshi et al. [49], and Kibler et al. [15], represents a contemporary trend
to increase fitness and must be implemented continually to maintain fitness. Because it
concentrates on the spine’s strength, stability, and balance—without which it is difficult
to transmit movement and performance is subpar—this region is distinctive in its own
right. Additionally, it helps to enhance the motor function, speed, and agility of the
body, all of which have a significant impact on increasing the level of skill performance
owing to a rise in fitness. Maintaining a good baseline of strength and stability might help
athletes with their training adaptations, athletic performance, and fitness [8,15,21,50-52].
Therefore, it is evident from Table 6 that the CCT group demonstrated superiority over
the other groups (CT, CE) in the tests of some muscle strength components (CMSS, SUA,
SUB, SLJ, SJ, MBJQ), where the F value showed a significance of 6.33, 25.52, 14.31, 3.75,
31.04, 58.77, p < 0.05, respectively, with a correction of 46.19, p < 0.05. In the test (30 s
abdomen), the results likewise revealed disparities in favor of the CE group and the CT
group, and researchers ascribe these variances to the fact that basketball is a sport that
requires further development.

Weight training is essential for basketball players, since it enhances their leaping ability,
aim, rebounding techniques, and quick passing. Additionally, it extends the shooting
range and strengthens the entire body, especially the upper and lower limbs and the
torso. Basketball’s defensive and attacking maneuvers necessitate agility to stop, run,
change direction, and change speed. Explosive muscle growth is necessary for these
motions to be performed effectively, which weight training can help to achieve [53-56].
The trunk is the link in the kinetic chain that transfers force from one party to another
when performing motor skills, and performing core exercises in different contexts, with
different repetitions and directions, and with different physical loads, increased the motor
stock and motivation for performance in the research sample. The trunk muscles’ internal
and external coordination improved, enabling them to carry out the required motor tasks,
including running, jumping, passing, and aiming, as well as the quick, sudden movements
included in the physical and skill assessments under investigation. The change in training
methods, taking into account the individual differences between athletes and appropriate
planning for gradation in increasing the load, will also result in reaching the highest levels
of performance [21]; thus, the distinguished, innovative coach is the one who designs
exercises that have a good impact on improving the capabilities of his players using a
variety of sets of exercises within one training unit [57]. And if the coach can rise above
the conventional approaches, he will improve the training stimuli and be able to inject
significant inspiration, fun, and relief from monotony [24]. The current study’s findings
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are in line with those of Kumar et al. [58] in that the experimental group that combined
training strategies (CT and CE) performed better on the fitness tests than did the groups
that used only compound or core training.

Study Limitations and Strengths

This study demonstrated the impact of core complex training on some basketball-
related aspects of physical strength and shooting performance. Basketball players” physical
fitness was evaluated using trustworthy and accurate methodologies. In addition to the
fact that the study achieved positive results, it provides supplementary scientific evidence
for the usage of compound fundamental workouts. There are certain restrictions, however.
When evaluating the data, care must be used because of the tiny sample size, as well as the
fact the every participant in the study was male. Additionally, there was no organization
in regards to the daily sleeping and eating schedules of the athletes, which would have
more completely and precisely characterized the phenomenon and helped the athletes and
coaches create more effective training regimens.

5. Conclusions

Compound basic strength training exercises have been shown to improve muscle
strength and shooting performance in basketball players. The CCT group outperformed
the CT and CE groups. Compound fundamental strength exercises should be incorporated
into training regimens to increase performance effectiveness and boost match outcomes. It
is crucial to remember that based on the age group and individual athlete characteristics,
the duration and results of the training program may differ. To improve performance and
achieve better outcomes in basketball games, basketball coaches might consider introducing
compound fundamental strength training exercises into their programs.

Author Contributions: Conceptualization, A K.H., AK.B. and H.S.S.; methodology, M.S.A. and
H.S.S.; formal analysis, A.K.H.; investigation, A.K.H. and B.E.H.; resources, A.K.H., A.K.B. and
B.E.H.; data curation, H.S.S.; writing—original draft preparation, A.K.H. and AM.A.; writing—
review and editing, A.K.H. and M.S.A ; visualization, B.E.H. and A K.B.; supervision, A K.H., AM.A.
and B.E.H.; project administration, A K.H., AM.A,, MS.A,, HS.S.,, AKB. and B.E.H.; funding
acquisition, A K.H., AM.A. and B.E.H. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was funded by the Deanship of Scientific Research at King Faisal University,
Saudi Arabia, grant number (GRANT 3740).

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Research Ethics Committee at King Faisal University
(protocol code KFU-REC-2023-JAN-ETHICS1120, approved on 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The authors wish to thank all the subjects who participated in this study. Special
thanks are extended to all players and coaches in the club.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Examples of some of the workouts included in the program. The appendix contains
descriptions of the three training programs (core complex training; core exercise training;
complex training).
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Table Al. Core complex training (CCT).

- Standing, carrying the bar in
front of the body, with the palm
of the hand outward, bending 3 9 25 .
1 the arms up. 3 10 2 4-5 min
- Standing, carrying a medicine
ball, throw the medicine ball

back.
While prostrate, clasp the hands
2 behind the head, raising and 3 30s 30s 1-2 min
lowering the chest.
3 - Squat?ing. Extend my knees 3 11 2s A5 sl
- Deep jump. 3 8 2s

Prostrate, forearms on the ground,
4 moving forward and backward, 3 30s 30s 1-2 min
using the wheel.
- Standing, carry the weight on the
shoulders behind the neck bend the

5 knees in half.- Bend the knees in half 3 10 Zs 4-5 min
ey 3 10 2s
and complete the vertical jump
upwards.
Inverse oblique prone in front at a
6 man’s height; maintain stability 3 30s 30s 1-2 min
(repeat for other leg).
- Standing open, flex, carrying the 10
7 welgh't on the shoulders, jump high.- 3 P 2s 45 min
Glass jump over the cones with both 3 2s
fect and 4 return

Lateral prostration, lower leg bent 60
degrees. Lower arm high and the
other bent in front of the chest, palm
8 on the floor. Lower the subordinate 3 30s 30s 1-2 min
muscles, with one leg swinging
forward and backward. (repeat with
other leg).
- Standing, with bar held behind the
neck and elbow up, stretch the

9 forearm up.- Standing still, hold a 3 10 2s 4.5 min
medicine ball behind the neck and 3 12 2s
throw the medicine ball forward and
up.
Table A2. Core exercises (CE).
No. Exercises

Transverse’s Abdominals (TA) Activation
Fall-Out Exercises
Bridging Exercises
Planking Exercises
Abdominal Exercises

N G = W N -

Extension Exercise
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Table A2. Cont.

No. Exercises
7 Lunging Exercises
8 Leaning Exercises
9 Cat Curl Exercises
10 Medicine Ball Exercises
11 Pull-Up Exercises
12 Twisting Exercises
13 Push-Up Exercises
14 Opposite Arm and Leg Exercises
15 Stretching Exercises

Table A3. Exercises for the abdominal muscles that correlate with the warm-up exercises.

Method of performance

From a backwards-lying position
with the fingers 2 cm below and to
the side of the hip joint, pull the
abdomen down from the belly
button with a force of 30%, and
retain muscle contraction for (10)
seconds.

Iteration 10 iterations
Groups 1-3 sets
Rest 30-90 s

0.

Method of performance

Lying on the back pulling the
abdomen down from the navel area
with a force of 30%, maintain a
muscle contraction while raising
one leg, remain motionless, then
return to your starting position and
repeat with the other leg.

To improve performance, you can
lift one leg high and hold it there
while raising the other leg at the
same position and bringing each leg
back to the ground individually.

Iteration 20 repetitions
Groups 1-3 sets
Rest 30-90 s

=%

Method of performance

Lie on the abdomen, without
movement, and pull the abdomen
towards the pelvic floor from the
navel area with a contraction force
of 30%.

Iteration 10 iterations
Groups 1-3 sets
Rest 30-90 s
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Table A3. Cont.

- 4-

Method of performance

- Hands below the shoulders and
knees below the hips.

Pull the abdomen towards the pelvic
floor from the belly button area with a

force of 30%.
Iteration 10 iterations
Groups 1-3 sets
Rest 30-90 s

-5-

Method of performance

- Hands below the shoulders and
knees below the hips.

- Pull the abdomen towards the
pelvic floor from the belly button
area with a force of 30%.

Lift the knee off the ground and hold
steady (10-15) seconds and then return to

the ground.
Iteration 10 iterations
Groups 1-3 sets
Rest 30-90s

Table A4. Samples of fall-out exercises for the core training program.

-1-

Method of performance

- Lie on the back with the knees and
feet together. b
- Pull the abdomen towards the r
pelvic floor from the belly button.
- Slowly move the knees to the side 3
cm, while keeping the body firm.
- Return to the middle, and then

Iteration

repeat on the other side of the body. "

10 repetitions per side.

Groups

Rest

1-3 sets /‘

30-90 s

0.

Method of performance

- Lie on your back with your feet up
and together.

- Pull the abdomen towards the
pelvic floor from the belly button.

- Slowly move the knees to the side 3
cm, while keeping the body firm.

- Return to the middle, and then
repeat on the other side of the body.

Iteration 10 repetitions per man
Groups 1-3 sets
Rest 30-90 s
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Table A4. Cont.

-3

Method of performance

- Lie on the back with feet up and a
medicine ball placed between the
knees.

- Pull the abdomen towards the
pelvic floor from the belly button.

- Slowly move the knees to the side 3
cm, while keeping the body firm.

- Return to the middle, and then
repeat on the other side of the body.

Iteration 10 iterations
Groups 1-3 sets
Rest 3090 s

_4-

Method of performance

While lying on the back, as shown in the
picture, allow one of the legs to fall aside,
while maintaining the stability of the
other side on the ground in the presence
of the weight.

Iteration 15 repetitions
Groups 5 sets per leg
Rest 30-90s

-5-

Method of performance

While lying on the back, as shown in the
picture, allow the two legs to fall together
to the right side, while maintaining the
stability of the other side on the ground
in the presence of the weight.

Iteration 15 repetitions per side
Groups Two sets per side
Rest 30-90s

Table A5. Complex training (CT).

Standing, hold the bar in front of the body,
with the palm of the hand outward, bending

1 the arms up. g 190 ; S 4-5 min

Standing, carrying a medicine ball, throw the S

medicine ball back.
Squatting, stretching the knees, 3 11 2s .
2 deep jump from above a box. 3 8 2s 4-5min
Standing, hold the bar behind the neck with

3 elbows up and extend the forearms up. 3 9 2s 45 min

Standing still, hold a medicine ball behind the 3 10 2s

neck, and throw the medicine ball back and up.
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Table A5. Cont.

Standing, carry the weight on the shoulders

4 behind the neck and bend the knees in half. 3 10 2s 45 min
Bend the knees half while completing the 3 10 2s
vertical jump.

Lying down, with the arms high and parallel
to the floor, hold the bar in front of the chest.

5 Standing in a comfortable position, holding 5 3 10 2s 45 min
kg dumbbells in each hand, swing one arm 3 12 2s
forward and up to head level and the other
arm backward.
(Standing, flex, carrying the weight on the 3 10 2
6 shoulders, and jump high. 3 8 round-trip 2 4-5 min
Zigzag jump over the cones with both feet. and 4 return
Standing, carrying the weight in front of the
body, bend the torso in front of the bottom, 3 10 25
7 stretching and bending the arms, 3 10 2 4-5 min
pass a 3 kg medicine ball from the chest to a
colleague

Table A6. Core Complex training (CCT).

- Standing, casrrying the bar in front of the
body with the palm of the hand outward,

1 bend the arms up. g 190 5 : 4 to 5 min
- Standing, carrying a medical ball, throw the
medicine ball back.
2 Wle prostrate, cllasp the hands behind the head, 3 30s 30s 1sto?s
raising and lowering the chest.
3 = Squat.ting, stretch the knees and complete a 3 10 2s 4t0 5 min
deep jump. 3 8 2s
While prostrate, with the forearms on the ground,
4 move forward and backward, using the wheel. 3 30 30s Isto2s
- Standing, carry the weight on the shoulders
5 behind the neck and bend the knees in half. 3 10 2s 4105 min
- Bend the knees in half and complete the 3 10 2s
vertical jump upwards.
Inverse oblique, prone in front at the man’s
6 height). Maintain stability. (Repeats for other 3 30s 30s 1sto2s
leg.)
Standing, flex whil, i ight on th 10
, - han lang, exde ile c}al.rrillmg weight on the 3 8 round- 26 o5 mi
shoulders, and jump high. 3 trip and 4 2 0 5 min

- Glass jump over the cones with both feet.
return
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Table Aé6. Cont.

While laterally prostrate, with the lower leg bent
at 60 degrees, with the lower the arm high and
the other bent in front of the chest, with the palm
on the floor, lower the subordinate muscles, with
one leg swinging forward and backward.
(Repeats forother leg.)

3 30s 30s 1sto2s

- Standing, hold the bar behind the neck with
elbows up, stretching the forearm up. 3 10 25
9 - While standing still, place a medicine ball S 4 to 5 min
behind the neck and throw the medicine
ball forward and up.

Appendix B

This appendix contains a description of the physical and skill tests for the basket-
ball players

Core Muscle Strength and Stability Test:

The Core Muscle Strength Test is a tool used to track an athlete’s core strength growth.
It involves holding the back, neck, and head in a stance, with the helper starting the
watch after the correct position is believed to be achieved. The test involves several stages,
including the Chinese Push-Up stance, which involves holding the correct position for
1 min. The test is discontinued if the athlete cannot maintain the correct position. The test
is completed by tracking the point at which the athlete is unable to maintain the proper
body position or cannot proceed for 3 min [59].

The growth of the athlete’s core strength can be tracked with the Core Muscle Strength
Test. You will need a flat surface, a helper, a mat or other object to support the elbows and
arms, as well as a watch, to complete this test. The back, neck, and head should be held
in the stance shown in Figure A5 while the test is being administered. The test is to be
discontinued if the athlete is unable to maintain this position. The following describes the
method by which the core muscle strength test is carried out: Stage 1. Assume the Chinese
Push-Up stance, as shown in Figure Al, by using the mat to support your elbows and arms.
The helper starts the stopwatch after the correct position is believed to be achieved. Hold
this posture for 1 min. Stage 2: Extend your right arm upward. For 15 s, maintain this
posture. Stage 3: Lower your right arm to the floor while raising your left arm. For 15s,
maintain this posture. Stage 4: Lower your left arm to the floor while raising your right
leg. For 15 s, maintain this posture. Stage 5: Lower your left leg to the floor while raising
your right leg. For 15 s, maintain this posture. Stage 6: Extend your right arm and left
leg above the ground. For 15 s, maintain this posture. Step 7: Lower your right arm and
left leg to the ground. Raise your left arm and right leg off the ground. For 15 s, maintain
this posture. Stage 8. Get back into the fundamental Chinese Push-Up stance. For 30 s,
maintain this posture. Stage 9: Test completion. Keep track of the point during the test at
which the athlete is unable to maintain the proper body position or cannot proceed.
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Figure A1. Core muscle strength and stability test.

Sit-Up Test:
Abdominal Test:

This test monitors the athlete’s abdominal muscle development using a sit-up test.
Participants lie on a mat, bend their knees, and raise their feet. A buddy supports them,
and the number of sit-ups completed in 30 s is recorded [59].

The objective of this test is to monitor the development of the athlete’s abdominal
muscles. You will need a flat surface, a mat, and a partner to hold the feet in order to
complete this exam. The sit-up test is conducted as follows: Begin each sit-up with your
back on the mat, knees bent, feet flat on the ground, and arms folded across your chest.
Return to the floor after raising yourself to a 90-degree angle. A buddy can support the
feet. Record the number of sit-ups completed in 30 s.

Figure A2. Sit-up abdominal test.

Back test:

This test measures an athlete’s back muscle growth by raising their torso and returning
to the starting position with their feet fixed. It involves lying prone on a mat, using a
partner for foot support, and counting the number of torso rises completed in 30 s [60].

The objective of this test is to keep track of how the athlete’s back muscles are growing.
To do this test, you will need a mat, a flat surface, and a partner to hold the feet still. The
test is conducted as follows: the athlete lies fully prone on his stomach with his hands
clasped behind his head. When the start signal is given, the athlete raises his torso and
returns to the starting position with the feet fixed. The test is complete when the second
signal is given. The companion can help provide foot support. Count how many torso rises
you were able to complete in 30 s.

Figure A3. Sit-up back test.
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Standing Long Jump Test

This test measures an athlete’s improvement in elastic leg strength using a 30 m tape
measure, a long jump pit, and an assistant. The athlete jumps into the pit while crouching,
bending forward, swinging the arms backward, and leaning forward [60].

The objective of this test is to track the athlete’s improvement in elastic leg strength.
To complete this test, you will need: a 30 m tape measure, a long jump pit, and an assistant.
The athlete extends his feet beyond the sandpit’s edge. The athlete jumps into the sandpit
with both feet while crouching, bending forward, swinging the arms backward, and leaning
forward. The coach should take a measurement from the sandpit’s edge to the point of
contact that is closest to the take-off point. The jump must begin from a stationary posture.

Figure A4. Standing long jump test.

Sargent Jump Test

This test aims to track an athlete’s improvement in elastic leg strength using a wall,
a 1 m tape measure, chalk, and an assistant. The athlete applies chalk to the fingernails,
stands sideways, reaches up, and marks the wall (M1). The coach calculates the separation
between M1 and M2, and the athlete can take the test multiple times [59].

The objective of this test is to track the athlete’s improvement in elastic leg strength. To
complete this test, you will need: a wall, a 1 m tape measure, chalk, and an assistant. The
athlete applies chalk to the tips of his fingernails, stands sideways against the wall with
both feet firmly planted, reaches up as high as possible with one hand, and uses the tips of
his fingers to mark the wall (M1); from a standing position, the athlete then jumps as high
as possible; and marks the wall with his chalked fingernails. (M2). The coach calculates the
separation between M1 and M2. The athlete is free to take the test as many times as desired.

Figure A5. Sargent jump test.



Eur. ]. Investig. Health Psychol. Educ. 2023, 13 1641

Medicine Ball Javelin Quadrathlon:

This test measures an athlete’s strength and fitness progress using a 30 m tape measure;
1.5 kg, 2 kg, and 3 kg medicine balls; and an assistant. It involves four throws: standing,
standing, stepping, and stepping. The athlete makes each throw, and the helper records
the distance covered. The distance is measured from the front foot to the ball’s landing
spot [59].

The objective of this test is to keep tabs on how the athlete’s strength and fitness are
progressing. To do this test, you will need a 30 m tape measure; 1.5 kg, 2 kg, and 3 kg
medicine balls; and an assistant. The test consists of three medicine ball throws: the first
standing throw (men 2 kg, women 1.5 kg), the second standing throw (men 3 kg, women
2 kg), and the third step throw (men 2 kg, women 1.5 kg). Each throw is made by the
athlete, and the helper logs the distance covered.

Figure A6. Standing throw.

The following throws are explained: standing throw—face forward while holding the
medicine ball in both hands, above your head. The feet should be parallel, toeing the line
of measurement. Throw the ball for distance, A follow through step is allowed. Distance is
measured from the front foot (on release) to where the ball lands. Three-step throw—start
in a stationary position with both feet together for a. Taking two steps forward while
holding the medicine ball in each hand; if you want to throw the ball far, a final step is
permissible. The distance is measured from the front foot’s release point to the spot where
the ball lands.

/\

Figure A7. Three-step throw.

Shooting Performance:

After the warm-up, the player takes a shot at the basket while standing behind the
free-throw line. With a three-minute pause in between each set, each player takes three sets
of five free throws. The players under the basket passes the ball to the referee. After the
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first player has taken five shots at the basket, the second player follows suit. For the test
calculation, the number of correct throws was used for all three groups [61,62].

Figure A8. Shooting performance test.
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