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Abstract

The core is the center of the functional kinetic chain providing the proximal
stability for the distal mobility and function of the limbs. The study aims to
verify the effects of an integrative core stability training on jump and sprint
performance in young basketball players. Young basketball players were in-
volved in the study (n = 42, 16 female, 26 male) whose age, stature and weight
were respectively (average + ds) 8.22 + 0.4 years, 118.2 + 3.7 cm and 28.8 +
4.9 kg and was randomly divided in Training Group (TG, n = 24, 10 F, 14 M)
and Control Group (CG, n = 18, 6 F, 12 M). The training program was mo-
nitored for 4 weeks (8 sessions, twice a week and lasting 1 hour each during
the usual sports activity; in addition to the usual technical and sport-specific
exercises, the TG introduced only 4 core stability exercises in the warm-up).
The results revealed a change in test scores across the two time periods for
TG in the left limb Side hop (p < 0.026), in the right limb side hop (p <
0.001), in the left limb 6 meter timed hop (p < 0.0005), in the right limb 6
meter timed hop (p < 0.0005), in the vertical jump (p < 0.002), in the 10 me-
ters sprint (p < 0.0005) and in the 10 x 5 meters test (p < 0.001). The CG hig-
hlighted differences statistically significant only in the 10 meters sprint (p <
0.05). The study confirms the need to hypothesize in youth sport supplemen-
tary sessions intended for strength training, as the literature has already sug-
gested for several years.
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1. Introduction

The discussion about the real utility of core stability exercises in sport, today, is
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very current (Heneghan et al., 2020; Clark et al., 2018; Wirth et al., 2017; La-
go-Fuentes et al., 2018; Calatayud et al., 2015; Bliven & Anderson, 2013) and it
concerns both athletes and young people who practice sports (Sato & Mokha,
2009; Réisdnen et al., 2018; Lago-Fuentes et al., 2018; Prieske et al., 2015; Hut-
chinson et al., 2016; Wirth et al., 2017; Granacher et al., 2014; Liebenson, 2011).

The core is the center of the functional kinetic chain providing the proximal
stability for the distal mobility and function of the limbs (Clark et al., 2018;
Hutchinson et al., 2016; Granacher et al., 2014; Ozmen, 2016; Calatayud et al.,
2015; Bliven & Anderson, 2013; Shinkle et al., 2012).

The core district strength is an important prerequisite for the practice of many
sports, such as football, basketball, athletics jumping disciplines and others, and
to carry out some everyday activities such as walking, climbing stairs, keep
upright (Réisdnen et al., 2018; Willardson, 2007; Akuthota et al., 2008; Sharrock
et al., 2011; Jamison et al., 2012; Larsen et al., 2016; Sannicandro & Cofano, 2017;
Hibbs et al., 2008).

This district is very important from anatomical and functional point of view,
in fact it has a twofold task, that is to check the stability of the lumbosacral tract,
as well as act as a connection between the upper and lower appendicular tract: it
acts as a functional unit capable of constituting a sorting joint of forces that must
be conveyed from the lower appendicular tract to the upper one and vice versa
(Akuthota et al., 2008; Shinkle et al., 2012; Bliven & Anderson, 2013; Sannican-
dro & Cofano, 2017).

To meet these two functional needs, within the training methodology, two
different types of training are distinguished: the core stability tasks have the aim
of increasing the control and stability of the lumbar spine; the core strength
tasks aim to allow the transfer of high levels of muscle strength and power, acti-
vating local stabilizers and global mobilizing muscles (Larsen et al., 2016; Sae-
terbakken et al., 2011; Faries & Greenwood, 2007; Sannicandro, 2014; Abenhaim
et al., 2000; McGill, 2010; Liebenson, 2011).

Up to now, the literature has mainly focused on the description of the effec-
tiveness of core stability exercises with sports subjects or with non-physically
active adults, with particular reference to lower back pain and performance
(McGill, 2010; Liebenson, 2011; Prieske et al., 2015) or to the effects of core
training programs (Allen et al., 2014).

Conversely, in sports only few studies with teenagers practicing team sports
have monitored the effects of a longer period, from 8 weeks to 6 months, of
training on the strength of the core muscles, describing performance increases in
the strength of the hip extensors and in performance jump with and without
countermovement, as well as in sprint performance (Sannicandro & Cofano
2017; Hoshikawa et al., 2013; Afyon, 2014; Durall et al., 2009).

In an interesting review that has studied the core-performance relationship, it
is underlined how many researches that analyze the core training effects often
include the integration with lower limb strength exercises (Reed et al., 2012).

Although it is evident the relationship between core control and single limb
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task control in prepubescent subjects (Hutchinson et al., 2016; Sasaki et al.,
2019), only rarely and only recently the specific program effects have been inves-
tigated in youth basketball (Sannicandro & Cofano, 2017).

The effects of only core stability exercises on jumping performance in young
basketball players have recently been investigated.

Therefore, an open problem remains that of understanding the effects on
motor performance only attributable to core stability exercises; in particular, es-
pecially in light of the sedentary lifestyles described in the developmental age
(Colella et al., 2019; Weedon et al., 2018; Kuligowski et al., 2015; Wu et al.,
2017), it must be clarified whether such types of exercises, which specifically en-
courage a very sensitive target district in this period (Kuligowski et al., 2015; Wu
et al., 2017) could be advantageous for prepubescent subjects practicing sport.

Furthermore, due to the age and the motivation to practice sports of prepubes-
cent subjects, the duration of the core training programs must be considered, which
can only occupy a limited part of the session; for these reasons, this type of sup-
plementary intervention can find space especially in the initial warm-up, as sug-

gested for some time in the literature (Faigenbaum et al., 2005; Emery et al., 2015).

2. Methods
2.1. Objective

The study aims to verify the effects of an integrative core stability training on

jump and sprint performance in young basketball players.

2.2. Participants and Setting

Young basketball players were involved in the study (n = 42, 16 female, 26 male)
whose age, stature and weight were respectively (average * ds) 8.22 £ 0.4 years,
118.2 + 3.7 cm and 28.8 + 4.9 kg.

The sample was randomly divided into Training Group (TG, n = 24, 10 F, 14
M) and Control Group (CG, n = 18, 6 F, 12 M). Only those who had more than
90% previous training compliance were included in the sample.

Their parents were informed of experimental procedures and provided writ-
ten consent for their children to participate in the specific training; all partici-
pants were informed about the purpose of the study and the relevance of the
proposed exercises. Additionally, the research design and procedures complied

with the standards set out in the Declaration of Helsinki.

2.3. Procedure

The training program was monitored for 4 weeks (September 2019-October
2019, in the first month of training season), with a total of 8 sessions twice a
week and lasting 1 hour each during the usual sports activity; in addition to the
usual technical and sport-specific exercises, the TG introduced 4 core stability
exercises in the initial warm-up (Table 1). In the first 4 sessions the exercises
were carried out in stable conditions (resting on the ground), while in the

subsequent 4 sessions they were carried out using unstable surfaces (Table 2).
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Table 1. The study design.

Group Session 1 Sessions 2 - 5 Sessions 6 - 9 Session 10
Core training Core training on
T Test Test
G e on stable condition unstable surface/tools s
GC Test Specific sport drills Specific sport drills Test

Table 2. The training group core stability program.

Core stability Test 4 core stability training sessions 4 core stability training sessions ~ Test
program TO (stability conditions) (instability conditions) T1

Plank 3 x 10 rip x 3 sec with
upper limbs on unstable
surface/tools (Figure 2)
Static Side plank

2 x 8 rip x 3 sec x side with

Plank 3 x 10 rip x 3 sec
Static Side plank

2 x 8 rip x 3 sec x side lower limbs on unstable
Dynamic Side plank

3 x 8 rip x side

surface/tools (Figure 3)
Dynamic Side plank
Mountain climb 2 x 8 rip x side, with lower
4 x 6 rip x limb (Figure 1) limbs on unstable surface/tools
Mountain climb 4 x 6 rip x limb,
with lower limbs on unstable

surface/tools

The initial and final tests were carried out in the two lessons preceding and fol-
lowing the 8 established training sessions.

The CG only followed technical exercises and specific sports.

The monopodalic jumps were used to evaluate the strength of the individual
lower limbs: side hop test, triple hop test and 6 meters timed hop test.

In particular, the first three tests return the jump values, respectively, to the
left and right and long after 3 successive jumps on a single limb; the 6 meters
timed hop test returns the time taken by the subject to reach the distance of 6
meters through monopodalic hops in a subsequent form.

A vertical jump (Abalakov) test was used to evaluate the explosive force in its
vertical component.

The evaluation of acceleration was investigated by 10 metres sprint test with
the use of photocells (Ergo test, Globus Italy); the Eurofit 10 x 5 m shuttle test,
the time of which was detected by photocells (Ergo test, Globus Italy), moni-
tored the anaerobic capacity of the subjects in performing sprints with direction
changes.

The descriptive statistics (mean and standard deviation) have been deter-
mined.

The T-test for paired data was used to check the intra-group differences (TG
vs TG and CG vs CG) in T0 and T1 (Table 1). To verify the intergroup differ-
ences (TG vs CG), the T-test for unpaired sample was used in T1. In both cases,
the significance was set at p < 0.05. Cohen’s dwas used to verify the Effect Size
indicating how large is the difference detected in the averages of TG vs CG at T1.
As for the Effect Size, after calculating the & index it is possible to convert it to a
small effect size: <0.20; medium: 0.50; large: 20.80 (Cohen, 1992).
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Figure 1. Mountain climber exercise.

Figure 2. Plank on unstable surface/tool.

Figure 3. Side plank on unstable surface/tool.

3. Results

The results revealed a change in test scores across the two time periods (pre-
intervention, post intervention) for TG in the left limb Side hop (37.80 + 6.327
cm vs 40.98 + 5.710 cm, p < 0.026), in the right limb side hop (36.88 £ 5.6 cm vs
41.92 + 6.9 cm, p < 0.001), in the left limb 6 meter timed hop (5.65 + 0.55 sec vs
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4.28 £ 0.96 sec, p < 0.0005), in the right limb 6 meter timed hop (5.45 + 0.75 sec
vs 4.33 £ 0.39 sec, p < 0.0005), in the vertical jump (13.22 + 3.6 cm vs 16.11 + 3.1
cm, p < 0.002), the 10 meters sprint (4.647 + 1.09 sec vs 3.887 + 1.11 sec, p <
0.0005) and in the 10 x 5 meters test (33.66 *+ 3.15 sec vs 31.51 + 3.86 sec, p <
0.001). The differences in triple hop were not statistically significant.

The CG highlighted differences statistically significant only in the 10 meters
sprint (4.53 £ 1.038 sec vs 3.99 + 1.17 sec, p < 0.05).

The main effect in test scores comparing the two groups (TG vs CG) at T1 was
significant in the following tests: left limb Side hop (p < 0.048, ES: 0.54), right
limb Side hop (p < 0.039, ES: 0.71), left limb 6 meter timed hop (p < 0.006, ES:
0.59), right limb 6 meter timed hop (p < 0.005, ES: 0.58), vertical jump (p < 0.01,
ES: 0.59), the 10 x 5 meters test (p < 0.036, ES: 0.74).

The results are summarized in Table 3.

4. Discussion

The study aimed to verify the effects of an integrative training consisting of core
stability exercises on the motor skills of prepubescent basketball players.

In the literature, there is only one study that investigated the relationships
between core stability and jumping performance in young basketball players
(Sannicandro & Cofano, 2017).

The study was based on this previous research and implemented the load
suggested by the authors limited to warm up.

The proposed supplementary program characterized the activation period of
each lesson and provided for an increasing difficulty and intensity in the differ-
ent lessons, going from tasks that required support in stability conditions, to
tasks that required checking the trunk with the subject who made contact with
tools that gave instability, as indicated in the literature (Rdisdnen et al., 2018;

Table 3. Results of TG and CG in the T0 and in the T1. Legend: 6MT: 6 meters timed hop; p* resulted from paired sample t-test;
P resulted from unpaired sample t-test; ES: Effect Size.

Training Group

Control Group

4 V4 P ES (8)
TO T1 TO T1
Side Hop left (cm) 37.80 £ 6.327 40.98 £5.710 0.026* 39.60 £5.2 39.93 + 4.69 0.207 0.048* 0.54
Side Hop right (cm) 36.88 £ 5.6 4192 £ 6.9 0.001** 39.40 £ 6.8 39.20+59 0.068 0.039* 0.71
6 MT left (sec) 5.65 £ 0.55 4.28 £ 0.96 0.000*** 5.447 £ 0.36 5.58 +£0.45 0.126 0.006** 0.59
6 MT right (sec) 5.45+0.75 4.33 £0.39 0.000*** 5.48 £ 0.42 5.44 £ 0.59 0.148 0.005** 0.58
Triple left (cm) 120.89 + 8.8 124.12 + 6.9 0.313 124.33 +12.07 125.41 +£13.09 0.452 0.346 0.08
Triple right (cm) 118.87 +15.43 121.54 + 14.12 0.360 122.43 +10.23 121.56 + 12.53  0.373 0.469 0.08
Vertical jump (cm) 13.22 +£3.6 16.11 £3.1 0.004** 14.20 £ 2.513 14.96 + 3.8 0.186 0.002** 0.59
Sprint 10 m (sec) 4.647 £ 1.09 3.887 +1.11 0.000*** 4.53 + 1.038 3.99+1.17 0.043* 0.118 0.22
Eurofit 10 X 5 m (sec) 33.66 £ 3.15 31.51 £3.86 0.001** 31.93 £2.54 34.69 £2.98 0.690 0.036* 0.74
*p < 0.05; % p < 0.01; *p < 0.0005.
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Granacher et al., 2014; Prieske et al., 2015; Behm & Anderson, 2006; Kibler et al.,
2006; Hughes et al., 2017), even with the young (Gibbons & Bird, 2019; Hut-
chinson et al., 2016).

The significant differences obtained in the pre-post test comparison in the TG
characterized the monopodalic jump test, the vertical jump, the 6 m timed-hop
test and the speed tests on the 10 m and 10 x 5 m. The jumping performance,
with particular reference to those performed in monopodalic, as well as those of
speed, are affected by the control of the trunk and pelvis, these districts that give
stability to the extensor muscles of the lower limb and hip, assigned to jumping
and at sprint (Lago-Fuentes et al., 2018; Hoshikawa et al., 2013; Afyon, 2014).

The CG, which used only specific sports exercises, in fact showed a decrease in
10 m-sprint performance (p < 0.043).

The results of the t-test between the two groups in the post test report signifi-
cant statistically differences in the left and right side test (respectively, p > 0.048,
ES: 0.54 and p < 0.039, ES: 0.71), in the left and right 6 MT (respectively, p <
0.006, ES: 0.59 and p < 0.005 ES: 0.58), in the vertical jump (p < 0.002, ES: 0.59)
and in the 10 x 5 m test (p < 0.036, ES: 0.74).

This results confirming the effectiveness of the core stability exercises to influ-
ence the speed and jump tests and the ES value underlines its size (Lago-Fuentes
et al., 2018; Ozmen, 2016; Hoshikawa et al., 2013; Afyon, 2014).

The results of this study are consistent and in line with similar studies that
have described the effects of core district training on vertical jumping and sprint-
ing performances in young soccer players (Ozmen, 2016; Hoshikawa et al., 2013;
Afyon, 2014) in gymnastic (Durall et al., 2009), in professional female futsal
players (Lago-Fuentes et al., 2018) or in young basketball players (Sannicandro
& Cofano, 2017).

The values identified in this study lead us to speculate that the core stability
program, however, requires the introduction of further tasks in the warm up, if
higher effect size values are to be obtained and in all assessment tests.

The study conducted, ultimately, confirms the need to hypothesize in youth
sport supplementary sessions intended for strength training, as the literature has
already suggested for several years (Faigenbaum et al., 1999; Faigenbaum et al.,
2005; Emery et al., 2015; Larsen et al., 2016; Sannicandro & Cofano, 2017; Kibler
et al., 2006).

The prepubertal choice to practice a sport is, in fact, ever earlier: this orienta-
tion is justifiable only if it does not disregard the protection of the young practi-
tioner health and the reduction of the injury risk from overload (Popkin et al.,
2019; Rossler et al., 2016; Myer et al., 2015).

This study has some limitations: it made use of a heterogeneous sample of
male and female children and did not detect the training age of each participant.
Further studies should include whether males and females get the same benefits
from this type of supplementary training. Likewise, it would be interesting to

analyze whether the training age influence the final results.
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5. Conclusion

In conclusion, the sedentary increasing levels in young sports practitioners re-
quire careful consideration about the increasingly frequent introduction of
core stability exercises. The staff must identify the training stage in which this

type of exercise can be introduced without hindering technical training.
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