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Abstract

Investigating the effects of plyometric training on dynamic balance of prepubertal female volleyball players may
enable to enhance comprehensive knowledge about neuromuscular control enhancement and may further provide
basis for developing training protocols encouraging lifelong regular physical activity for prepubertal volleyball
players. The aim of this study was to compare the effects of 12-week plyometric training on dynamic balance in female
prepubertal volleyball players. Twenty-nine female volleyball players were recruited to participate in the study.
Participants were randomly separated into two study groups; plyometric training (n=14) and control group (n=15). All
participants were assessed at baseline and after 12-week training. Dynamic balance was assessed with Star Excursion
Balance test (SEBT). A repeated-measures ANOVA was performed. Comparisons showed that after 12-week training,
plyometric training resulted in improvements in SEBT anterior, posterolateral and posteromedial scores for both
dominant and nondominant leg whereas there were no differences found in the control group. Compared to control
training, plyometric training resulted in additional gains for dynamic balance in female prepubertal volleyball players.
The findings of the study provide basis for developing training protocols for prepubertal volleyball players.
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INTRODUCTION

Young female athletes participating in the
high-risk sports such as volleyball suffer from
musculoskeletal injuries more than do male athletes
(12,19,28). Building a high level of neuromuscular
control provides further
progress and prevents sport-related injuries (25).
Dynamic balance is accepted as one of the
indicators of neuromuscular ability to control the
center of mass during dynamic activities (2,14). The
improved neuromuscular
ability  to
deviations thus, provides decreased excessive
forces on the lower extremity and decreased injury
risk (26,27).

athletic performance

control provides an

improved control biomechanical

Plyometric training previously reported being
effective to increase the speed of movement,
power production,

increase strengthen bone,

improving running speed and jumping ability, and
for increasing strength in children (5,6,9,17,21). This
training requires the coordination of several muscle
groups to sustain the precisely timed and rhythmic
plyometric movements to be able to involve a high-
intensity concentric contraction immediately after a
rapid and powerful eccentric contraction (20). The
nervous system is conditioned to react more quickly
to the stretch-shortening cycle (8). Therefore,
training may be an appropriate
intervention for improving the neuromuscular
ability to control dynamic balance.

plyometric

There is limited evidence regarding the effect
of plyometric training on dynamic balance.
Recently, Filipa et al. (8) investigated the effect of
neuromuscular training program focused on core
stability, lower extremity strength and plyometric
training on dynamic balance in adolescent female

soccer players. The findings of the study showed
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that soccer players demonstrated an improved
performance on  dynamic
neuromuscular training program; however, the
findings only applicable to the adolescent female
players

combination of different exercise regimens.

balance after

soccer and provide evidence for a

Thus, investigating the effects of plyometric
training on the dynamic balance of prepubertal
female volleyball players may enable to enhance
comprehensive knowledge about neuromuscular
control enhancement and may further provide basis
for developing training protocols encouraging
lifelong regular physical activity for prepubertal
volleyball players. Therefore, the purpose of the
current study was to investigate the effects of 12-
week in-season low-intensity plyometric training on

the dynamic balance of prepubertal female
volleyball players.
MATERIALS & METHODS

The Institutional Review Board approved the
protocol for this study, and all participants/guards
were informed of the nature of the study and
signed a consent form.

Participants

Thirty prepubertal, female volleyball players
participated in the study (Table 1). All participants
were selected from asymptomatic volunteers from
same sports club who had no history of pain, injury
or surgery related to upper and lower body. All
participants were in an identical level of play and
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were exposed to similar volleyball activity. All
participants had a 2 to 4-year background of
volleyball training and competition experience.
Sexual maturation was self-assessed with parental
guidance using the standard five-scale Tanner
stages for breast development (22). Participants
who were classified as prepubertal (Tanner stage 1)
were included in the study. Participants were
excluded if they had any known systemic,
neurological disorders or rheumatologic disorders,
or if they failed to complete the pre or post testing,
or failed to participate in a minimum of 80% of the
training sessions (29 of 36 sessions). One subject in
the intervention group was excluded due to lack of
training compliance (Figure 1). The data from 29
subjects were used for statistical analysis. We
randomly separated participants into one of the
following study groups: intervention group (n=14)
or control group (n=15).

Table 1. Characteristics of participants.

Intervention Group  Control Group 4

Age (years) 11.1 (0.1) 11 (0.7) 0.9
Height (m) 160.7 (4.6) 157.1 (6.2) 0.08
Weight (kg) 42.8 (6.3) 44.8 (9) 0.5
Body mass 0.1
index (kg/m?) 16.5 (2.05) 18.1 (2.8)

Sports age 0.9
(years) 2.4 (0.6) 24(0.7)

Note: Data given as mean and standard deviation. P values resulting from
Student-t test.

Enrollment

‘ Assessed for eligibility (n=34) ‘

Excluded (n=4)
- Tanner Stage > 1 (n=3)

- Previous injury (n=1)

Randomized (n=30)

l Allocation l

L

J

Intervention Group (n=15)
(Plyometric training and skill training)
+ Received allocated intervention (n=15)

Follow-Up A

Control Group (n=15)
(Skill training)
+ Received allocated intervention (n=15)

Discontinued intervention (n=1)

- Lack of training compliance

A Analysis A

Lost to follow-up (None)

Discontinued intervention (None)

Analysed (n=14)

Analysed (n=15)

Figure 1. Flow diagram.
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Table 2. The 12-week plyometric training program for the intervention group.

1 to 2 weeks 3 to 4 weeks 5 to 6 weeks 7 to 8 weeks 9 to 10 weeks 11 to 12 weeks

2 2] 3 2 3 2 3 2 3 2

g 8 b =S = g = b S = o9 = ] =

s & 2 R 3 £F 2 £ % 3 £% 3 £ % 3

=5 § fZ B £ % £&F :§ EZ E ia %

z z = z F z F z F Z
1. Squat Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
2. Tuck Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
3. Side-to-side Tuck Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
4. Forward Tuck Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
5. Lateral Tuck Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
6. Lunge Jumps (R) 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
7. Lunge Jumps (L) 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3
8. Scissor Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3

(Consecutive R-L)

9. Scissor Jumps 15 1 25 1 15/15 2 25/25 2 15/15 3 25/25 3

(Nonconsecutive R-L)

Abbreviations: R, Right; L, Left; S, Seconds.

Interventions

Participants in the intervention group followed
a supervised 12-week plyometric training program
consisting of standard rope-jump training in
addition to a regular skill-training program. Low-
intensity lower-extremity plyometric exercises were
chosen from previously published research and
included bilateral jumps. All
exercises are listed and described in Table 2.
Participants in the control group followed a regular
skill-training program only. Both groups trained the
same skill-training program for three times in a
week for 90 minutes using the same volleyball
drills. Post training testing occurred 12 weeks after
the pre-training test session.

and unilateral

The training of the intervention group was
conducted and monitored by strength and
conditioning specialists three times in a week for 12
weeks during a competitive season. Before training
participants were informed about training
principles such as proper landing posture (ie.,
spine erect, shoulders back) and alignment (i.e.,
chest over knees), and providing a soft landing.
Each session consisted of a 5-minute warm-up,
plyometric training, and a 5-minute cool-down. The
specialists provided the verbal and visual feedback
with each exercise to the participants. The training
was designed to gradually progress by an increase
in training duration and number of ground contact
(Table 2). Considering the stress of the plyometric
training on the muscle-tendon unit, exercise
intensity was progressively increased from a level
classified as low to moderate, an appropriate
intensity for children (15). Each plyometric session
was composed of nine different exercises and 1 to 3
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sets of 15 to 25 seconds training and 1:1 resting
duration.

Outcome measures

Initial testing included all demographics and
anthropometric assessments of height, mass, and
limb length. The functional lower leg dominance
was determined with ball kick test described by
Hoffman et al. (1,31).

We assessed bilateral dynamic balance by
using modified Star Excursion Balance Test (SEBT)
(13) before and 12-week training. The
participants were asked to stand on a single leg
stance position, with the most distal aspect of the
great toe on the center of the grid while keeping the
hands on the waist. The subjects were then asked to
reach as much as the possible distance in the
anterior,  posteromedial, and  posterolateral
directions while maintaining their single-limb
stance. Prior to testing, we allowed six practice
trials to be performed for each direction (30). On the
seventh trial, the distance reached to the most distal
location of the foot as it contacted the grid was
recorded. The trial was discarded if the participant
was unable to maintain single-limb stance and lost
contact with the floor, or weight was shifted onto
the reach foot. The whole process was repeated on
the other side.

after

The subject’s limb length measurements, from
the most distal end of the anterior superior iliac
spine to the most distal end of the lateral malleolus
on each limb, were taken and recorded. Raw scores
were normalized as % of leg length (16).
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Statistical analysis

Sample size calculation was informed by the
previous study that carried out with similar
outcome measure comparisons (10). This study
suggested the sample size would need to be large
enough to detect a 10% improvement with a
standard deviation of 7.5%, assuming a 5% type 1
error with a statistical power of 80%; a sample size
of minimum 7 participants was required as a study
population. Student t-test was used to assess for
differences in demographic and anthropometric
data between groups. Differences between the
intervention and control groups were analyzed on a
per protocol basis. Group comparisons were done
with two separate (for each dominant and
nondominant legs) 2-by-2 repeated-measures
analysis of variance (ANOVA) to determine the
effect of training (pre-training versus post-training),
group (intervention versus control) on the outcome
of the balance scores. When an interaction term was
not significant, the main effect for Time and Group
were evaluated. Statistical analyses were conducted
in SPSS, Version 21.0 (SPSS Inc, Chicago, IL).
Statistical significance was established a priori at P
<0.05.

RESULTS

The intervention group (n=14) and control
group (n=15) shared similar demographics and
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baseline characteristics (table 1). Figure 2 and 3
show the SEBT scores at baseline and 12-week
follow-up.

On dominant leg, there was a statistically
significant training-by-group interaction for SEBT
anterior score (F1,27=15.32, p = 0.001), posteromedial
score (F1,27=5.02, p = 0.03), and posterolateral score
(F1, 27 = 737, p = 0.01). Comparisons between the
baseline and 12 week follow-up indicating that the
dynamic balance was more improved in the
intervention group for SEBT anterior (p < 0.001;
mean difference (MD), 10.4%), posteromedial (p <
0.001; MD, 8.2%), and posterolateral score (p <
0.001;, MD, 10.2%),
differences found in the control group (Figure 2).

whereas there were no

On nondominant leg, there was a
statistically significant training-by-group
interaction for SEBT anterior score (F1,27=14.83, p =
0.001), posteromedial score (F1, 27 = 7.82, p = 0.009),
and posterolateral score (Fi, 27 = 13.73, p = 0.01).
Comparisons between the baseline and 12 week
follow-up indicating that the dynamic balance was
more improved in the intervention group for SEBT
anterior (p < 0.001; mean difference (MD), 11.7%),
posteromedial (p < 0.001, MD, 11.1%), and
posterolateral score (p <0.001; MD, 10.1%), whereas
there were no differences found in the control
group (Figure 3).

Pre-training Post-training

Control Group

B SEBT Posterolateral

Note: Data were presented as Mean and Standard Deviation.
* indicates statistically significant training-by-group interaction.

Figure 2. Results of Star Excursion Balance Test for dominant leg evaluated at
baseline and after 12-week training.
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Pre-training Post-training
Control Group

B SEBT Posterolateral

Note: Data were presented as Mean and Standard Deviation.
* indicates statistically significant training-by-group interaction.

Figure 3. Results of Star Excursion Balance Test for nondominant leg

evaluated at baseline and after 12-week training.

DISCUSSION

This study has investigated the effects of a 12-
week plyometric training program over control
group on dynamic stability in female prepubertal
volleyball  players. plyometric
training resulted in more improvements in dynamic

Twelve-week

balance scores when compared to control training.
The findings of this study supported the idea that
plyometric training elicits additional gain in
dynamic balance and neuromuscular control in
female prepubertal volleyball players.

Volleyball is a complex sport with both
landing and jumping components and requires
sport-specific skills. To be able
performance characteristics and prevent injuries,

to enhance

plyometric training has been recommended to
integrate into the training program for athletes of
all ages because of the effect of long-term training
on muscle-activation strategies and performance
(4). The findings of this study showed additional
plyometric training to skill training for volleyball
players can be suggested
advantages for gaining balance. Lee (18) suggested
that improved skilled movements with jump
training may also improve endurance and provide
synergy between explosive power, agility and

to have potential

reaction time which is accepted as key performance
skills for volleyball players. Similarly, the previous
research in prepubertal children has shown that
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plyometric training is effective in
agility, kicking
distance and overall physical fitness (3).

increasing
running velocity, sprint time,

Although common skill training includes
regular plyometric activities such as running and
without progressively
plyometric training, skill training was found no

jumping, implemented
additional effect on dynamic balance score. In this
study,
recommended as the safest and most effective
method for progressing exercise load and to clarify

the method followed was previously

the need for strength or motor skill prerequisites for
participating in plyometric training in children
(7,17,24,32). Regular participation in sports alone
without preparatory conditioning could not appear
to improve balance and reduce the risk of injury in
young athletes.

In this study, the dynamic balance was
assessed with using previously defined SEBT that is
a functional screening tool developed to assess
lower extremity dynamic balance or stability,
assess deficits
following injury, and identify athletes at high risk
for lower extremity injury (1,15). The test was
suggested as a useful tool to assess the efficacy of
training programs designed to reduce injury risk
(10,11,16,23,29,30). Improvement in the star
excursion test score in the intervention group
appeared to be independent in a direction of the

monitor rehabilitation progress,
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reach tested. In addition, all improvements were
consistent in the dominant and nondominant side
of the participants in the intervention group.
Therefore, central and peripheral factors such as
muscle activation strategies and proprioception
may have a stronger relative relationship to the
dynamic balance performance as suggested from
Thorpe & Ebersole (33). Our findings were
consistent with the study from Witzke & Snow (34).
In this study, post-pubertal freshmen participants
were followed 9-month exercise training consisting
of strength and plyometric training and were
compared with a control group. The exercise
training group displayed significant improvement
in medial-lateral stability during static balance
testing, which did not occur in the controls group.

There are some limitations of this study. First,
the findings of this study are only applicable to the
female pre-pubertal volleyball players and do not
provide information about other populations. Also,
there was no passive control group participated in
monitoring changes due to maturation. Further
longitudinal studies are necessary to investigate the
effect of plyometric training on in-season injury
rates.

In conclusion, the findings of this study
showed that the effects of 12-week plyometric
training program over control group on dynamic
balance in female prepubertal volleyball players.
Given the improvements in neuromuscular control
and stability, training can be
recommended to add the training program for
prepubertal volleyball players.

plyometric
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