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ABSTRACT

Purpose. Balance is a highly demanded motor ability in artistic gymnasts; however, it is unknown what type of training
can improve this variable. The purpose was to determine if Star Excursion Balance Test (SEBT) and neuromuscular (NM)
trainings are more effective than conventional artistic gymnastics training (CONV) for improving balance control in female
artistic gymnasts.

Methods. Overall, 33 female artistic gymnasts were selected and randomly assigned to 3 training groups: CONV, SEBT,
or NM. The Y-Balance Test evaluated balance control. ANOVA (group X time) with repeated measures was used to compare
the effects of training.

Results. In the dominant lower limb, significant pre- and post-intervention differences were observed for SEBT training
in the posteromedial direction (p = 0.0003; % change = 13.4), as well as in NM in the anterior (p = 0.0001; % change = 23.9),
posteromedial (p = 0.0001; % change = 23.1), and total index (p = 0.0001; % change = 17.8) of the Y-Balance Test. Moreover, NM
training presented significant differences compared with CONV (p = 0.0001; % change = 14.0) and SEBT (p = 0.0001; %
change = 12.8) in the posteromedial direction; it also exhibited differences compared with CONV (p = 0.0392; % change = 8.8)
and SEBT (p = 0.0065; % change = 11.3) in the total index.

Conclusions. NM training results in a significant improvement in balance control compared with CONV and SEBT training

in female artistic gymnasts.

Key words: proprioceptive training, neuromuscular training, sport, athletes

Introduction

Artistic gymnastics is a sport characterized by high-
flying acrobatics and feats of strength [1]. However, it
also requires other motor capacities such as flexibil-
ity, agility, and balance in the upper and lower limbs
while performing motor skills (jumps, landing, push,
and pull) in extreme joint positions [2]. Artistic gym-
nastics consists of 4 apparatuses for women (jump,
uneven bars, balance beam, and floor exercises) [3].
The prevalence of injuries in artistic gymnastics is
especially worrying, as younger athletes are being re-
cruited, and they are in very early stages of motor and
musculoskeletal development [4]. Specifically, in col-
legiate artistic gymnastics, an injury rate of 9.2-22.7

injuries per 1000 hours of exposure is reported, and
about 70% of these injuries occur during disassembly
from the apparatus [5]. Taking this information into
account is important to understand the factors that
could influence injuries and, subsequently, decreased
sports performance.

The International Gymnastics Federation deter-
mines that the most difficult apparatus for women’s
gymnastics is the balance beam [3]. This apparatus
is one of the most demanding disciplines in general
female competition and requires the ability to balance
to a high level, as it has an extremely small (10 cm)
surface support with a height of 1.25 m and a length
of 5 m. In this context, a joint injury impairs the pro-
prioceptive system, causing the musculoskeletal system
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to be more prone to repetitive injuries and decreased
motor abilities, especially balance control during the
performance of complex acrobatic elements [6].

The difficulty of the apparatus forces artistic gym-
nasts to demonstrate the ability to control balance dur-
ing performance. The balance control represents the
subject’s ability to maintain the centre of mass within
a support base and is considered a fundamental mo-
tor capacity for the execution of activities of daily living
and sports [6-8]. Balance control requires constant
postural adjustments owing to the displacement of the
centre of mass, all of this through sensory and neuro-
muscular mechanisms that try to keep the centre of
mass within the support base [6, 7, 9]. The balance
control deficit mainly affects people with various pa-
thologies, but less likely gymnasts as they usually have
an adequate development of balance control since the
centre of their trainings consists of exercises on bal-
ance beam. Therefore, determining a possible training
focused on improving balance control in artistic gym-
nasts could be beneficial for optimizing athletic per-
formance [5, 7].

Artistic gymnastics commonly bases its training on
the development of flexibility, power, balance, lumbar-
pelvic strengthening (core), and strengthening of the
upper and lower limbs [10]. In recent years, various
sports have used training based on proprioception and
neuromuscular responses to improve balance control.
These interventions are training through the Star Ex-
cursion Balance Test (SEBT) [11] and neuromuscular
(NM) training [12, 13]. SEBT has been tested as a bal-
ance control evaluation method that involves loading
one foot on the ground and trying the maximum reach
with the opposite foot [11, 14], which challenges pos-
tural control, strength, range of motion, and proprio-

ception of the subjects. This type of evaluation, and its
use as training, is very similar to the technical perfor-
mance that a gymnast must demonstrate within a com-
petition. In turn, NM training is defined as a multi-com-
ponent program [13] that integrates the development
of motor skills (jumps, landings, running, etc.) with
motor abilities (strength, endurance, flexibility, and
balance) through plyometric and weight-bearing ex-
ercises [15-17]. Both methods - SEBT and NM train-
ing - attempt to improve balance control in various dis-
ciplines, but their effects on balance control in artistic
gymnasts are unknown.

To our knowledge, there are few reports about bal-
ance control in artistic gymnasts evaluated through
clinical or field tests. For this reason, the Y-Balance
Test can be a tool applicable to artistic gymnasts, since
it offers a simple, short-term, low-cost, and highly re-
liable evaluation [18, 19] and would also allow deter-
mining the effect of various trainings on balance con-
trol. In this context, the objective of this research was
to establish if SEBT and NM training are more effective
than conventional artistic gymnastics training (CONV)
for improving balance control in female artistic gym-
nasts.

Material and methods
Participants

The study was a single-blind randomized controlled
trial and followed the Consolidated Standards of Re-
porting Trials (CONSORT) recommendations. The re-
search considered female participants aged 11-17 years
belonging to the Escuela Chilena de Gimnasia (La Se-
rena, Region de Coquimbo, Chile) (Table 1). The par-

Table 1. Baseline characteristics of the participants

CONV (n = 11)

SEBT (n = 11) NM (n =11)

Characteristics (mean + SD) (mean + SD) (mean + SD) F
Age category 11-12 years (n) 3 2 3
Age category 13-15 years (n) 6 8 7
Age category 16-17 years (n) 2 1 1
Average training experience (years) 3.1+0.7 2.8 +£0.8 29+18 0.7580  0.2796
Average weekly training duration (h) 156 = 2.1 15.2 + 3.0 15.2 + 3.4 0.9455 0.5618
Age (years) 13.0+ 1.5 13.1 1.2 13.7+ 1.6 0.5532  0.6039
Weight (kg) 50.3 + 84 51.0 9.0 50.3 = 6.8 0.9713  0.0291
Height (m) 1.54 = 0.05 1.58 + 0.05 1.56 = 0.05 0.2680  1.3760
Body mass index (kg/m?) 20.8 £ 2.7 20.1 £ 2.5 205 £ 2.2 0.8191  0.2009
Dominant lower limb length (cm) 82.6 5.5 84.4 + 3.6 83.8 + 3.4 0.6256  0.4765
Non-dominant lower limb length (cm) 82.6 +5.6 84.0 £ 3.8 83.6 + 3.1 0.7239  0.3326
CONV - conventional training, SEBT - Star Excursion Balance Test training, NM - neuromuscular training
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ticipants were selected through simple random sam-
pling and subsequently assigned to 3 groups: CONV,
SEBT, or NM training. The following inclusion crite-
ria were considered: (a) being an artistic gymnast aged
11-17 years, (b) presenting a federated gymnast reg-
istry, and (c) having participated in a regional or na-
tional competition during the previous year. The ar-
tistic gymnasts were classified as sub-elite since they
all participated in official international championships,
namely South American or Pan American, and/or in
national championships and obtained a classification
between the 1 and 10" place of the general individual
classification of their competitive category. For this re-
search, the following exclusion criteria were applied:
(a) consecutive training time less than 1 year, (b) 1 or no
weekly training sessions, and (c) a lower limb injury
within the previous 12 months or during the training
period.

Although there is no research comparing the pro-
posed training methods, previous reports show that
a 15% change for a direction of the Y-Balance Test
demonstrates significant differences between artistic
gymnasts of a low and high level of specialization [20].
For this reason, accepting an alpha risk of 0.05 and
a beta risk of 0.2 in a bilateral contrast, 11 participants
in each training group were required to detect a mini-
mum difference of 15% between 2 groups, assuming
a standard deviation of 10% and a loss to follow-up
rate of 15%.

Y-Balance Test

Balance control was evaluated with the Y-Balance
Test Kit™ (Functional Movement Systems, Inc., Chat-
ham, VA, USA) before and after the intervention. This
device comprises a support platform to which 3 tubes
are attached in the directions of anterior, posterome-
dial, and posterolateral reach. Each tube has mark-
ings in 5-mm increments. The first toe was posi-
tioned at the junction of the Y. Then, with the opposite
foot, the participant had to push an ‘indicator’ along
the tube trying to reach the greatest possible distance
without putting the foot on the ground. The subjects
were allowed to practise the test only twice in order
to reduce the learning factor. At the end of the prac-
tice time, they were given a 2-minute break, and the
dominant lower limb was evaluated in 3 directions
(anterior, posterolateral, and posteromedial) [11, 18, 19].
In each direction, the procedure was repeated 3 times,
and the average was recorded. Then, the participants
rested for 5 minutes and repeated the procedure with
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the non-dominant lower limb. A trial was classified
as invalid if the subject removed the hands from the
hips, did not return to the starting position, did move
the support foot (dominant), or loaded with the reach
foot (non-dominant) [15, 21]. This abbreviated test is
used in view of the limitations regarding the amount
of time devoted to develop all directions of SEBT [18]
and has demonstrated reliability and validity in pre-
dicting lower extremity injuries [19, 22].

The raw results of the Y-Balance Test were nor-
malized. For this, the protocol described by Gribble
et al. [23], who divided the distance reached by the
length of the lower limb and then multiplied by 100,
was used. The length of the leg was measured from
the anterior superior iliac spine to the most distal
part of the medial malleolus. Additionally, a total in-
dex of the Y-Balance Test was calculated by dividing
the sum of the 3 directions by 3 times the length of the
evaluated lower limb and then multiplying by 100 [21].
Once the Y-Balance Test was carried out, the training
period of the 3 groups began. At the end of the 8 weeks
of training, a post-intervention Y-Balance Test was
performed in each participant.

Interventions

The intervention time was 8 weeks, with 2 weekly
training sessions [21]. Each training session lasted
20 minutes, and then the usual training was continued.

Conventional training

This training consisted of 8 minutes of jogging
with joint mobility and 10-12 exercises of displace-
ments in quadruped positions, rebounds on feet, and
throws of legs in all directions, with 3 series of 12
repetitions per exercise. Twelve minutes were spent
practising more specific ggymnastic positions, such as
split, straddle, lunge, bridge, and handstand, with 3 se-
ries of 15 repetitions.

Training with Star Excursion Balance Test

This training consisted of performing a warm-up
of 6-8 minutes that included joint mobility and fa-
miliarizing each limb in the 8 directions of SEBT, in-
tercepted at 45° from one another. Then, the gymnasts
executed SEBT, conducting 3 sets of 15 repetitions
per direction (anterior, anterolateral, lateral, postero-
lateral, posterior, posteromedial, medial, and antero-
medial) and lower limb, trying to reach the greatest
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distance with the leg without support in each of the
directions, maintaining the posture for a second and
then returning to the centre [11, 18, 19].

Neuromuscular training

This training consisted of quadruped positions,
coordination of body segments, muscular strength-
ening, and bipedal and unipedal positions on stable
and unstable bases, which involved weight bearing
or control of the lower limbs and trunk [13, 15-17].
The NM training was based on 8 different exercises
per session applied to the lower limbs, with 3 series of
15 repetitions in the unipedal exercises and 3 series
of 15-30 repetitions in the bipedal exercises, depend-
ing on their complexity. The workouts were distrib-
uted as follows:

— Weeks 1 and 2: coordination exercises on a stable
surface, strengthening of the lower limb, bipedal and
unipedal supports, with open eyes.

— Weeks 3 and 4: coordination exercises on a gym-
nastic mat, strengthening of the lower limb, supports
and bipedal and unipedal jumps, with the eyes closed.

- Weeks 5 and 6: specific exercises for the lower
limb with TheraBand, unipedal and bipedal exer-
cises with open and closed eyes.

- Weeks 7 and 8: use of unstable surfaces (BOSU),
supports and jumps, bipedal and unipedal exercises,
with open and closed eyes.

When the artistic gymnasts finished one of the pre-
vious training sessions, they proceeded to continue
their traditional training on the apparatus, with the
exercises difficulty adjusted to the level of each gym-
nast. Two different apparatuses were trained daily,
with the allocation of 30 minutes to each one (jump,
asymmetric parallels, balance beam, and floor) de-
fined weekly by the coach, and ending flexibility ex-
ercises performed for 15 minutes.

Data analysis

For all analyses, an alpha of 0.05 was considered
and the GraphPad Prism software version 8.0.0 for Mac
was used (GraphPad Software, San Diego, CA, USA).
All variables were presented as mean and standard
deviation. The Shapiro-Wilk test, Levene’s test, and
Mauchly’s test were applied to evaluate the distribu-
tion, homogeneity of variance, and sphericity of the
data, respectively. To establish significant differenc-
es between training groups (CONV, SEBT, and NM)
and time (before and after intervention), a 2-way anal-

ysis of variance (ANOVA) was used (group X time)
with repeated measures. Post-hoc analysis was per-
formed with Tukey’s multiple comparison test. The
percentage change between comparisons and the ef-
fect size (ES) were calculated with Cohen’s d, consid-
ering a trivial (0-0.19), small (0.20-0.49), medium
(0.50-0.79), or large (0.80 or greater) result.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethics
Scientific Committee of the Santo Tomas University
(Chile) (Folio ID-149-19).

Informed consent

Informed consent has been obtained from all tu-
tors and individuals included in this study and from
the participants’ legal guardians.

Results

All participants were included in the study analy-
sis as there was 100% adherence to the training plan.
The baseline characteristics of the sample can be
seen in Table 1. The mean and standard deviation of
the pre- and post-intervention variables are reported
in Table 2. All the data presented a normal distribution,
homogeneity of variance, and sphericity (p > 0.05).

In the dominant lower limb, the 2-way ANOVA
with repeated measures implied significant interac-
tions between factors (group X time) in the Y-Balance
Test: anterior (gl = 2; F = 6.28; p = 0.0076), postero-
medial (gl = 2; F = 14.07; p = 0.0002), and total index
(gl = 2; F= 6.60; p = 0.0063). Post-hoc analysis can be
seen in Tables 2 and 3. Specifically, the SEBT training
group presented significant pre- and post-intervention
differences in the posteromedial Y-Balance Test (p =
0.0003; ES = 1.53; % change = 13.4). Furthermore,
the NM training group presented significant pre- and
post-intervention differences in the anterior (p = 0.0001;
ES = 2.19; % change = 23.9), posteromedial (p =
0.0001; ES = 2.64; % change = 23.1), and total index
(p = 0.0001; ES = 2.11; % change = 17.8) of the Y-Bal-
ance Test. In contrast, in the non-dominant lower limb,
the 2-way ANOVA with repeated measures did not
report significant interactions between factors (train-
ing group x time) (p > 0.05).

When comparing the effects of post-intervention
training on the dominant lower limb, the post-hoc
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Table 2. Y-Balance Test results for each training

.. Before After Mean o s o
Y-Balance Test Training (mean + SD) (mean + SD) difference 95% CI p Cohen’s d % change
Dominant lower limb
CONV 91.8 +7.0 95.4 + 10.8 -3.6 -144 7.3 0.9021 0.39 3.9
Anterior (%) SEBT 87.8 + 8.8 96.1 £+ 7.5 -82 -19.1 26 0.2092 1.01 9.4
NM 85.0 + 8.5 105.3 + 10.0 -20.3 -31.2 -9.5 0.0001 2.19 23.9
CONV 97.0 + 6.9 102.4 + 9.6 -54 -12.3 1.5 0.1855 0.64 5.6
Posteromedial (%) SEBT 91.2 +6.3 103.4 + 9.3 -12.2 -19.2 -5.3 0.0003 1.53 13.4
NM 949 £+ 104 116.8+5.5 -21.9 -288 -15.0 0.0001 2.64 23.1
CONV 98.0 £ 12.6 97.0 £ 17.4 1.0 -139 159 0.9999 0.07 -1.0
Posterolateral (%) SEBT 85.0 £ 10.2 88.6 £ 13.0 -3.6 -185 11.3 009711 0.31 4.2
NM 92.3 + 10.5 98.7 + 10.6 -6.4 -21.3 85 0.7503 0.61 7.0
CONV 951+ 7.1 98.3 £ 9.6 -2.6 -11.0 5.7 0.9136 0.31 2.8
Total index (%) SEBT 88.0 + 5.7 96.0 + 9.1 -8.0 -164 0.3 0.0636 1.05 9.1
NM 90.7 + 8.6 106.9 + 6.6 -16.2 245 -79 0.0001 2.11 17.8
Non-dominant lower limb
CONV 90.4 + 8.7 100.9 + 12.2 -10.5 -21.3 0.3 0.0607 1.00 11.6
Anterior (%) SEBT 85.2 +35 94.1 + 13.8 -89 -19.7 1.9 0.1465 0.88 10.4
NM 87.7 £9.5 98.2 + 13.5 -10.5 -21.3 0.3 0.0607 0.90 11.9
CONV  103.5+15.7 110.6 +15.8 =71 -22.7 8.5 0.7099 0.46 6.9
Posteromedial (%) SEBT 924 + 8.6 104.4 + 12.7 -12.1 -27.7 3.6 0.1937 1.10 13.1
NM 94.6 + 8.3 114.7 + 15.1 -20.1 -35.7 -44 0.0072 1.65 21.2
CONV 98.4 + 10.2 945 + 12.4 3.8 -74 151 0.8868 0.34 -3.9
Posterolateral (%) SEBT 89.9 + 10.1 91.2 + 13.0 -1.3 -12.53 10.1 0.9991 0.11 1.4
NM 91.5+9.2 100.6 + 11.6 -9.1 -20.3 2.2  0.1596 0.87 9.9
CONV 97.1 + 9.6 102.0 + 11.9 -4.7 -15.0 5.8 0.7382 0.42 4.7
Total index (%) SEBT 89.1 + 5.7 96.6 + 11.0 -74 -17.8 3.0 0.2650 0.85 8.3
NM 91.3 +6.8 104.5 + 11.6 -13.2 -23.6 -2.8 0.0080 1.39 14.5

CONV - conventional training, SEBT - Star Excursion Balance Test training, NM - neuromuscular training
The effect size is represented by Cohen’s d.

analysis showed significant differences between NM
training and CONV (p = 0.0001; ES = 1.82; % change =
14.0) and SEBT (p = 0.0001; ES = 1.74; % change =
12.8) in the posteromedial direction of the Y-Balance
Test (Figure 1). Similarly, NM training presented sig-
nificant differences compared with CONV (p = 0.0392;
ES = 1.05; % change = 8.8) and SEBT (p = 0.0065;
ES = 1.36; % change = 11.3) in the total index of the
Y-Balance Test (Figure 1).

Discussion

The purpose of this study was to compare the ef-
fects of CONV, SEBT, and NM training on balance
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control in female artistic gymnasts. The main result
was that when comparing the post-intervention ef-
fects on the dominant lower limb, it was observed
that the NM training generated significant improve-
ment in the balance control in the posteromedial di-
rection of 14% in relation to CONV, and the same
NM training presented a 12.8% change over the
SEBT training. In addition, in relation to the total in-
dex of the dominant lower limb, the NM training
caused a change of 8.8% in relation to CONV, and a
change of 11.3% compared with the SEBT training.
In this way, NM training is the method that produces
the best results in artistic gymnasts’ balance control
evaluated with the Y-Balance Test. To the best of our
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Table 3. Dominant lower limb results of the Y-Balance Test between trainings before and after intervention

Y-Balance Test Comparison diyeizzce 95% CI p Cohen’sd % change
Pre CONV vs. Pre SEBT 4.0 -6.9 14.8 0.8526 0.50 -4.3
Pre CONV vs. Pre NM 6.8 -4.0 17.7 0.3874 0.88 -7.4
Anterior (%) Pre SEBT vs. Pre NM 2.8 -8.0 13.7 0.9593 0.33 -3.2
Post CONV vs. Post SEBT -0.7 -11.5 10.2 0.9999 0.07 0.7
Post CONV vs. Post NM -9.9 -20.8 0.9 0.0850 0.95 10.4
Post SEBT vs. Post NM -9.2 -20.1 1.6 0.1236 1.05 9.6
Pre CONV vs. Pre SEBT 5.8 -1.1 127 0.1355 0.88 -6.0
Pre CONV vs. Pre NM 2.2 -4.8 9.1 0.9173 0.25 -2.2
Posteromedial (%) Pre SEBT vs. Pre NM -3.6 -10.6 3.3 0.5805 0.42 4.0
Post CONV vs. Post SEBT -1.0 -8.0 5.9 0.9970 0.11 1.0
Post CONV vs. Post NM -14.3 -21.2 -74 0.0001 1.82 14.0
Post SEBT vs. Post NM -13.3 -20.2 -6.3 0.0001 1.74 12.8
Pre CONV vs. Pre SEBT 8.5 -2.8 19.7 0.2157 1.13 -13.2
Pre CONV vs. Pre NM 6.8 -44 18.1 0.4251 0.49 -5.8
Posterolateral (%) Pre SEBT vs. Pre NM -1.6 -12.8 9.6 0.9972 0.70 8.6
Post CONV vs. Post SEBT 3.4 -79 14.6 0.9320 0.55 -8.6
Post CONV vs. Post NM -6.1 -17.3 5.2 0.5463 0.12 1.8
Post SEBT vs. Post NM -9.5 -20.7 1.8 0.1335 0.85 11.4
Pre CONV vs. Pre SEBT 7.6 -0.8 15.9 0.0879 1.18 -7.9
Pre CONV vs. Pre NM 4.9 -3.5 13.2 0.4628 0.62 -5.1
Total index (%) Pre SEBT vs. Pre NM -2.7 -11.0 5.6 0.9067 0.37 3.1
Post CONV vs. Post SEBT 2.2 -6.1 10.6 0.9578 0.24 -2.2
Post CONV vs. Post NM -8.7 -17.0 -0.3 0.0392 1.05 8.8
Post SEBT vs. Post NM -10.9 -19.2 -2.5 0.0065 1.36 11.3

CONYV - conventional training, SEBT - Star Excursion Balance

The effect size is represented by Cohen’s d.

knowledge, there are no previous studies comparing
training methods through balance control in artistic
gymnasts only; generally, the studies were carried
out in other sports or in adult patients with various
pathologies [7, 15, 21, 24, 25].

It is common to find in the literature research
comparing gymnasts with other athletes or a seden-
tary population, concluding that artistic gymnastics
training stimulates the development of balance con-
trol and allows an almost perfect stability in relation
to other disciplines [26-28]. Currently, an improve-
ment in balance control has been demonstrated
through NM training lasting 6-8 weeks, in sessions
conducted 3-5 times a week, with an average time of
20 minutes per session, in different athlete and non-
athlete populations [13, 15, 17]. Physiologically, the
nervous system is in charge of using the information
from somatosensory mechanoreceptors [12], causing
the skin, joints, ligaments, tendons, and muscles to

Test training, NM - neuromuscular training

provide sensory input to the central nervous system
to generate a neuromuscular response and thus sta-
bilize the joints [16]. Biomechanically, as the balance
control difficulty increases, postural strategies more
proximal to the ankle are requested, generating pos-
tural adjustments that continually help control bal-
ance [29]. In this sense, the inverted pendulum theo-
ry is the first to help the sagittal plane to create a
compensatory response, locating its axis of rotation
at the ankle joint [30]. Also, in the frontal plane, the
hip weight change strategy controls the mediolateral
balance, transferring the weight of the body from one
leg to the other [30, 31]. It could be deduced that the
significant improvement observed in NM and SEBT
training could be due to a greater request for pos-
tural control strategies, described above, in each
training session. In this way, these settings resulted
in significant improvements in the balance control of
artistic gymnasts by training in the different planes
of movement and requesting a greater number of

61

Human Movement, Vol. 23, No 2, 2022



HUMAN MOVEMENT

G. Mendez-Rebolledo, Y. Olcese-Farias, D. Brown-Villegas, Balance training in artistic gymnasts

Anterior Y-Balance test
Dominant Lower Limb

120+

4 CONV
< -~ SEBT
< 110+
prs ¥ NM
Q
g
_"é 1004 *

°
3
S 904
©
E
S 804
70 T T
Pre Post
Time
Posterolateral Y-Balance test
Dominant Lower Limb
120- & CONV
,\; -4~ SEBT
< 110
° -+ NM
Q
s
% 100~
2
K
N 90+
©
E
S 80-
70 T T
Pre Post
Time

Posteromedial Y-Balance test
Dominant Lower Limb

130+ 4 CONV
< -~ SEBT
< 1204
= 0 ex M
(%]
g
2 110~ *
2
3
N 1004
©
E %
S 90-
80 T T
Pre Post
Time
Total Index Y-Balance test
Dominant lower limb
120- & CONV
\? -4 SEBT
E?” 110_ - NM
c **
(1]
k7 *
o
S 1004
@
N
g
5 904
2
80 T T
Pre Post
Time

CONV - conventional training, SEBT — Star Excursion Balance Test training, NM — neuromuscular training
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** significant differences between trainings in the post-intervention time (p < 0.05)

Figure 1. Comparisons between trainings in the pre- and post-intervention times

neuromuscular responses to the demands of balance
control.

Michalski Peres et al. [32] showed that an NM
training program applied in volleyball players was
effective in increasing the balance control in both lower
limbs. In the same context, Vitale et al. [33] applied
the Y-Balance Test before and after intervention with
an NM training in skiers, showing that the experimen-
tal group achieved positive effects in the posterome-
dial and posterolateral directions, as well as in the
total percentage of the Y-Balance Test. As in the team
sports noted above, our research has indicated that
NM training in individual sports is more effective
than CONV, as it leads to improvements in balance
control. Possibly, these improvements could increase
the performance of artistic gymnasts in the balance
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beam apparatus and could hypothetically modify the
incidence of injuries. However, this assumption must
be tested in future research related to the identifica-
tion of risk factors and prevention of sports injuries.
This research has limitations related to the selec-
tion for convenience of the participants because of the
small number of gymnasts in order to obtain an ad-
equate sample size. Furthermore, considering only the
balance control variable, it is not really known which
is the best training to generate global changes in the
performance of gymnasts. Future research could con-
sider balance platforms or test batteries that can quan-
tify the balance control in gymnastic positions typical
of the sport technique or of the different devices used
in competitions. Finally, other essential training meth-
ods in gymnastics based on flexibility, strength, and
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power could be compared, and it could even be taken
into account how the development of balance control
is affected by other factors, such as the emotional state
and muscle fatigue of the subjects [34, 35].

Conclusions

NM training results in significant improvement of
balance control compared with CONV and SEBT in
female artistic gymnasts. In this context, this study
contributes to the comparison among different train-
ing methods focused on improving balance control,
which is important for a sports improvement approach
that leads to optimal performance in artistic gym-
nastics.
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