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keeping body control [5, 6]. Others confirmed that

Abstract

Background This study compares the effects of high-intensity interval training (HIIT) on unstable and stable

and Study Aim  surfaces on explosive strength, balance, agility, and Tsukahara vault performance in gymnastics.

Material and A nonrandomized trial study was conducted on twenty-seven well-trained male vault players who

Methods were assigned into 3 equal groups, a HIIT unstable group (UG), a HIIT stable group (SG), and the
control group (CG). The training period for the subjects lasted eight weeks, with 3 sessions each
week. All of the aforementioned variables were assessed both before and after the training period.

Results The main findings indicate that both UG and SG showed greater improvement than the CG on
explosive strength, balance, agility, and Tsukahara vault performance in gymnastics (ES= 0.52 to
0.68, P<0.05). In addition, there were significant differences between the UG and SG in explosive
strength, balance and Tsukahara vault performance (P<0.05) favoring UG, while no significant
differences between UG and SG in agility. However, the UG as compared to the SG in agility had only
limited additional effects. The UG and SG significantly increased all tests from pre- to post-test
(ES=1.10 to 4.78, 0.98 to 3.53), respectively (P<0.05). The CG significantly increased the explosive
strength and Tsukahara vault performance tests from pre- to post-test ((ES= 0.77 to 0.78, P <0.05),
while there were no significant differences in the balance and agility tests (P > 0.05).

Conclusions HIIT with unstable surfaces can be used as an alternative method to improve explosive strength
and balance. Also, it can be used alongside stable surface exercises when developing agility.

Keywords: HIIT, bosu ball, functional training, exercise, artistic gymnastics.

Introduction

Tsukahara vault, one of the vaulting skills in
artistic gymnastics, is depended on a complicated
movement structure and a high level of effort that
can be performed in a short period [1, 2]. A Tsukahara
vault consists of a faster run, a springboard take-
off, a first-quarter turn in the pre-flight phase, a
push-off from the vault table followed by a Corbett
action, and a salto with longitudinal/transversal
turn [1, 3]. Preparation for this vault includes, in
addition to technical training, a substantial part of
physical training [1]. To achieve an improvement
in sports performance, It is critical to comprehend
the relationships that are established between the
various components of speed and strength during
sprints or jumps [4]. The literature has indicated
gymnasts must possess sufficient explosive strength
to execute the various needed jumping skills while
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the acrobatic elements depend on the development
of explosive strength, which is why it is a crucial
criterion in the selection model for these sports [7]. It
refers to the jumps as an example of the lower limbs’
explosive strength and the throw of the apparatus
as the explosive strength of the upper limbs [8].
Hence, the dominant element in the Tsukahara vault
performance is explosive strength, because, if its
level is not sufficiently high, athletes are not able to
correctly perform certain technical elements [1].
The Tsukahara vault movement relies not only
on explosive strength but also on balance and agility
[1, 2]. Balance entails the synchronization of many
body muscles as well as the integration of sensory
information [9]. Depending on the physical demands
and circumstances of each sport, athletes must
meet varying balancing criteria [10]. When athletes
do a vault, they face situations where their balance
changes with every move. In addition, agility is
very important for completing the technical stages
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that the player goes through while performing the
Tsukahara vault quickly and with high efficiency. So,
balance and agility are very critical for enhancing
Tsukahara Vault performance, minimizing injury
risk, and achieving higher sports scores.

A sort of physical activity known as high-
intensity interval training (HIIT) alternates short
bursts of intense exercise with active recovery or
rest intervals. According to the literature, many
sports employed it in their training regimens,
including cyclists [11], swimmers [12], Middle-
distance runners [13], badminton players [14], and
taekwondo players [15]. All of them have proven
efficient in improving physical abilities compared to
traditional training.

Bosu, which stands for “both sides utilized,” is a
gym tool that enhances the strength and stability
of muscles. It has an air-filled hemisphere and a
level surface [16]. The two guiding principles of
bosu ball training are time efficiency during the up/
down movement and left and right-side balancing.
Enhancing these two essential skills contributes
to improving the efficiency of all movements
[17]. Research has demonstrated that training on
moving surfaces causes an increase in resistance
because of higher neuromuscular load tension. This
could lead to improvement in Muscle strength and
neuromuscular coordination [18]. Recently, the
bosu ball has grown in popularity among medical
and fitness personnel. Injury rehabilitation [19],
rehabilitation after surgery [20], core strength [21,
22, 19], trunk stability, burning cardio, physical and
physiological parameters [23], balance [24], accuracy
[25], growth hormone and building muscle and EMG
activity [22, 26] are all aspects of bosu ball training
study that have piqued the interest of many scholars.

On the other hand, numerous studies have
compared the effect of the Bosu ball with other
unstable surfaces on the balance and strength of the
coremuscles.forexample,awobbleboard [27],a swiss
ball [28], and balance disc [29]. All showed the same
improvement or increase in bosu ball training. Very
few studies have focused on the effect of BOSU balls
in sports that require excellent explosive strength,
balance, and agility. For example, the training
performed with a bosu exercise and wobble board
had significant improvements in dynamic balance
and core stability in recreational runners [27].

Another research found that the Bosu ball training
after 6 weeks helped increase male football players’
single-leg hop distance and vertical jump height
[30]. An improvement in balance and accuracy was
observed after 18 circuit training sessions with bosu
ball in archery athletes aged between 14-17 years
[25]. Simec et al. reported that 10-week balance
training improved explosive strength in physically
active men [31]. The bosu ball serves a vital role
in increasing balance and functional fitness in the
elderly population [32]. Another study discovered
that training with a balancing disk and a bosu ball
enhanced the strength of both the plantar flexor
and ankle dorsiflexor muscles in sedentary children
after 8 weeks [29].

To our knowledge, the literature has not
determined whether HIIT on unstable or stable
surfaces is more efficient for gymnasts, and which
one is best suited to improve explosive strength,
balance, agility, and Tsukahara vault performance. It
iscrucial to choose the training that is most beneficial
for gymnasts. Thus, the goal of this study was to
compare the effects of HIIT on stable and unstable
surfaces on explosive strength, balance, agility, and
Tsukahara vault performance in gymnastics.

Materials and Methods

Participants

The Participants consisted of Twenty-seven male
vault players selected from Portsaid gymnastics
region Clubs. Before beginning the study, they
had received extensive training in the Tsukahara
vault skill. Following that, they were divided into
three equal groups: a control group (CG), a HIIT
unstable group (UG), and a HIIT stable group (SG).
Each participant had to meet the following three
requirements: (i) be able to perform the Tsukahara
vault with proficiency; (ii) be willing to engage
in the training and continue it; and (iii) have no
musculoskeletal problems or preexisting disease
that would affect their ability on performance. The
procedures and goals of the study were explained
to the participants. Before the pre-test, each
participant filled out a written consent form. The
study was approved by Portsaid University (code:
202314013). The subjects’ equivalence is described
in Table 1.

Table 1. General characteristics of subjects (mean * SD) and p-value between groups.

Groups unstable group Stable group control group
(n=9) (n=9) (n=9) F Pvalue Sig
Variables Mean + SD Mean + SD Mean + SD
Height (cm) 164.44% 5.96 164.67% 4.69 163.11£ 7.25 0.174  0.842 NS
Body mass (kg) 54.67% 6.60 55.22+ 5.80 56.11+ 7.17 0.111  0.895 NS
Age (year) 16.11+0.93 16.22%0.97 16.00+ 0.87 0.130  0.878 NS

n = sample size; NS= No statistically difference between groups
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Research Design

Using pre-and post-tests, the authors performed
a nonrandomized trial investigation on three
groups: UG, CG, and SG. This investigation was
split into 4 phases: (i) Phase 1 consisted of a
one-week preliminary study meant to acquaint
the candidates with the tasks and examinations.
Furthermore, during this stage, the validity of the
instruments and tests employed in the research was
confirmed. Demographic data was collected at the
familiarization meetings; (ii) a week of pre-testing
was part of Phase 2; (iii) participants completed
eight weeks of training in Phase 3; and (iv) a week
of post-testing was part of Phase 4. The pre-test and
post-test procedures were the same protocol.

Testing procedures

Pre- and post-tests were administered to
all participants before and after eight weeks of
intervention. The individuals were requested to
abstain from caffeine-containing beverages and
to refrain from exercising for 48 hours before the
test. Moreover, abstain from heavy meals for a few
hours before the tests. Three separate sessions for
pre-testing were held at 48-hour intervals. Two
tests were administered during the first session: the
medicine ball throw test and the vertical jump test.
The star excursion balancing test and the handstand
test were the two assessments conducted in the
second session. The gymnastics-specific shuttle run
test and the Tsukahara vault performance test were
the two assessments that were conducted during
the third session. The tests were spaced 45 minutes
apart. Low-intensity workouts, such as stretching
and jogging, were done for ten minutes to warm up
before the tests started. The following procedures
were followed when conducting the tests:

The lower limbs’ explosive strength was evaluated
using the vertical jump test (VJT). The gymnast
applies a thick layer of chalk on his fingertips before
the jump test to take precise measurements. The
gymnast performs a vertical jump with both legs
while standing with his dominant side toward the
wall, marking a chalk mark on the wall at the top of
his jump. The jump needs to be executed by evenly
pushing off from both lower limbs. After the jump,
the gymnast stands flat-footed with the dominant
side facing the wall, reaching directly overhead to
touch the wall and make a chalk mark at the highest
point. The examiner uses a tape measure to measure
and record, to the closest centimeter, the distances
between the tops of the two chalk markings in a line
perpendicular to the floor. This test is credible and
legitimate field-based [33, 34, 35].

The medical ball throw test (MBTT) was designed
to measure the upper limbs’ explosive strength. The
participants’ backs are pressed up against a wall
as they sit on the floor with their legs completely
stretched. Using both hands, the sitting participants

propel the medicine ball explosively from their
chest as far forward as they can at a 45-degree
angle. The score was determined by measuring the
distance between the front of the sitting line and
the ball’s landing place. To the closest centimeter,
the measurement is recorded. A three-kg medicine
ball is used to perform three measurements for
these tests. The measurement with the best results
out of the three will be considered. This field-based
test is regarded as credible and genuine [36, 37].

The head-down inverted balance was evaluated
using the handstand test (HST). On a low beam, the
participants begin the handstand with their hands
comfortably apart. When a gymnast reaches the
handstand, timing starts, and timing ends when any
other part of their body contacts the floor. If one
of their hands deviates from their starting positions,
timing also comes to an end. Time is expressed to
the closest 0.01 second. This test consists of two
trials for the participant, and the longest time will
be used to determine the score. This test is credible
and legitimate field-based [33, 34, 38].

The star excursion balance test (SEBT) was used
to assess balance and muscular control. Testing
should be conducted with subjects either barefoot
or wearing gymnastics slippers. The dominant foot,
or stance foot, should be positioned so that the great
toe lines up with the grid’s anteriorly projected line
and the heel lines up with the grid’s center. The
participants are instructed to maintain a single-
leg stance on the stance leg while extending as far
as possible down the designated grid line with the
opposite lower limp-to-toe touch. The participant
then returns to the bilateral stance. The examiner
marks the place where the participant touched it and
measures it manually with a measuring tape. This
procedure is repeated on all eight grid lines. Then,
the distances of all eight reached were added. The
total of the eight distances attained is divided by
the length of the gymnast’s leg to get the test score.
This test is credible and legitimate field-based [34].

A gymnastics-specific shuttle run test (GSRT) as
described by Sleeper et al. [33], was used to measure
agility. Two cones were put diagonally at the corners
of a gymnastics competition floor measuring 12m x
12m. Gymnasts ran five straight 17-meter shuttle
sprints over the gymnastics floor’s diagonal length.
A digital stopwatch was used to time how long it took
to complete the five sprints. Athletes participated in
two trials, with the best time being used for further
analysis. This test is credible and legitimate field-
based [33, 34].

The Tsukahara vault performance test (TVP) was
calculated according to International Gymnastics
Federation Rules, code of points (2022-2024), and
Men’s Artistic Gymnastics [39].

The training program
Beginning on June 18, 2023, the training
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intervention ran for eight weeks. 24 sessions,
i.e., three sessions each week, were completed by the
unstable and stable groups. Every training session
had a duration of around 75 to 80 minutes and was
conducted at the same time every day of the week.
Before every session, the participants warmed up for
ten minutes by running and performing stretches
[40]. Then, HIIT using on stable or unstable surfaces
was carried out lasting from 15 to 25 min, and
details of HIIT Program intervention are shown in
Table 2. After that, participants practiced Tsukahara
vault skills for 35 to 40 minutes. Cooling down took
up the last 10 minutes of the session. Meanwhile,
the control group went about their regular exercise
routine.

HIIT on unstable and stable surfaces protocol.
The experimental (Unstable and stable) groups
performed three HIIT stations, where each one
consisted of 8 movements that lasted 6 minutes. The
eight-movement HIIT was implemented using the
30-second working and 15-second active recovery
interval approach. The UG performed HIIT exercises
using an unstable surface (bosu ball). The movements

details in the three stations of the bosu ball are
shown in Table 3. The stable group performed the
same HIIT stations and exercises but using the stable
surfaces, i.e.,step platforms or the floor.

Both groups performed HIIT movements for
each session in the two sets during the first to third
weeks at 85% HRmax, three sets during the fourth
and fifth weeks at 90% HRmax, and four sets during
the sexth to eighth weeks at 95% HRmax. There was
a two-minute break in between each set.

Statistical Analysis

The Shapiro-Wilk and Levene tests were used
on each variable to verify data normality and
equal variance. Means and standard deviations
(SD) are used to represent data. To identify
differences between groups, tukey post hoc testing
in conjunction with one-way ANOVA was used to
investigate the baseline-post change. The use of
paired sample t-tests allowed for the determination
of significant group differences. Also, the change
ratio (%) was utilized to determine percentage
of improving between pre and post tests. The
magnitude of effect size for (n2) is classified as

Table 2. Details of 8-Week HIIT Program intervention (HIIT using on stable or unstable surfaces).

8-Week HIIT Program intervention

weeks 1 2 3
Stations 1-2 1-3 2-3
station duration 6 minutes
(Workload - Recovery) time (30 sec - 15 sec)
sets per station 1
6x2=12
Sets duration )
minutes
Rest between sets 2 minutes

4 5 6 7
1-2-3 1-2 1-3 2-3
2
6x3=18 6x4=24
minutes minutes

Table 3. The movements details in the three HIIT stations of the bosu ball.

Stations Station 1 Station 2 Station 3
1 Squats over bosu Back flips from Handstands over bosu ball
ball bosu ball
2 One leg squats over Push-ups over bosu Jump to back handspring from bosu ball to bosu ball and
bosu ball ball return to front handspring from the bosu ball to bosu ball
Get down get up Front flips from
3 over the bosu ball  bosu ball Cartwheels over bosu balls
4 One leg squats over - Power line push- Forward and backward leg swings over bosu ball
bosu ball ups over bosu ball
drop and pop over  Back flips from )
5 bosu ball bosu ball Handstand push-ups over bosu ball
6 One leg squats over  Plank up and down Forward and backward leg swings over bosu ball
bosu ball over bosu ball
*2 Knee pulls over Front flips from
35’ 7 bosu ball bosu ball Handstands over bosu ball
% 3 One leg squats over Back flips from Jump to back handspring from bosu ball to bosu ball and then
= bosu ball bosu ball return to front handspring from the bosu ball to bosu ball
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small > .01, moderate > .06, and large > .14, while
Cohen’s d was interpreted as small > 0.2, moderate
> 0.5, and large > 0.8. The significance level of p <
0.05 was applied to all findings that were presented.
IBM SPSS Statistics version 27.0 was employed for
analysis.

Results

Baseline data

A one-way ANOVA showed that there were no
significant differences between the groups at the
pre-test for any of the variables [F=0.121 to 0.947, p=
0.402 to 0.886 (P>0.05)]. Every participant followed
the instructions and showed up for each of the 24
scheduled training sessions.

The effects of training intervention after 8-week

The effect on explosive strength

Between the groups, there was a
significant difference for VJT (F= 13.492, P= <
0.001, n2= 0.677) and MBTT (F= 12.328, P= < 0.001,
n2= 0.661). Post hoc analyses revealed that the
differences were statistically significant in favor of
both UG and SG compared to the CG in both tests.
Additionally, we discovered significant differences
between the UG and SG in V]JT and MBTT in favor of
the UG. The groups significantly increased VJT and
MBTT from Pre[(UG 43.01+3.56 cm and 4.40%0.55 m;
SG 42.63%4.04 cm and 4.28+0.43 m; CG 42.03%2.86
cm and 4.22+0.39 m), respectively] to Post [(UG
47.74%2.12 cm, A% = 11.38%, Cohen’s d= 2.258, P= <
0.001<0.05 and 5.12+0.39 m, A% = 17.75%, Cohen’s
d= 3.325, P =< 0.001<0.05; SG 45.49+2.77 cm, A% =
7.30%; Cohen’s d=1.03,P=0.015<0.05and 4.71+0.23
m, A% =10.59%, Cohen’s d= 1.89, P< 0.001<0.05; CG
43.13%2.74 cm; A% = 2.82%; Cohen’s d= 0.772, P=
0.049 <0.05 and 4.33+0.32 m, A% = 2.79%, Cohen’s
d=0.793, P= 0.045<0.05), respectively] (Fig.1).

The effect on balance

Between the groups, there was a
significant difference for HST (F=19.716, P= < 0.001,

#
A=11.38% $ 0 Pre-test
* I Post-test

A=2.82%
*

Distance (cm)
N
S

Unstable group Stable group Control group

n2=0.622)and SEBT (F=12.683,P=<0.001,12=0.514).
Post hoc analyses revealed that the differences were
statistically significant in favor of both UG and SG
compared to the CG in both tests. Additionally, we
discovered significant differences between the UG
and SG in HST and SEBT in favor of the UG. The
UG and SG significantly increased HST and SEBT
from Pre[(UG 44.09%6.19 sec and 727+48.48 cm; SG
42.53%6.70 sec and 714.22%+50.56 c¢m), respectively]
to Post [(UG 56.93+4.86 sec, A% = 30.22%, Cohen’s
d= 4.781, P = < 0.001<0.05 and 804.67%41.71 cm,
A% = 10.80%, Cohen’s d= 4.367, P= < 0.001<0.05;
SG 50.59£3.67 sec, A% = 20.50%; Cohen’s d= 2.450,
P=<0.001<0.05 and 762.33%34.93 cm, A% = 6.91%,
Cohen’s d= 2.588, P= < 0.001<0.05), respectively].
No significant differences were found in HST and
SEBT from Pre (41.21£7.05 sec and 707.33+37.45 cm,
respectively) to Post in CG (42.91£5.52 sec, 4.95%,
P= 0.063 >0.05 and 720.11+29.08 cm, 1.89%, P=
0.076 >0.05 respectively) (Fig. 2).

The effect on agility.

Between the groups, there was a
significant difference for GSRT (F= 12.857, P= <
0.001, n2= 0.517). Post hoc analyses revealed that
the differences were statistically significant in favor
of both UG and SG compared to the CG in both tests.
The UG and SG significantly increased GSRT from
Pre (UG 18.30%1.03 sec; SG 18.93%1.18 sec) to Post
(UG 17.23%0.64 sec, A% = 5.61%, Cohen’s d= 1.099,
P = 0.019 <0.05; SG 17.92%0.39 sec, A% = 4.63%;
Cohen’s d= 0.981, P= 0.023 <0.05). No significant
differences were found in GSRT from Pre (18.98%1.10
sec) to Post in CG (18.7+0.78 sec, 1.22%, P= 0.072
>0.05) (Fig. 3).

The effect on Tsukahara vault performance.

Between the groups, there was a
significant difference for TVP (F= 23.885, P=
<0.001, n2= 0.666). Post hoc analyses revealed
that the differences were statistically significant
in favor of both UG and SG compared to the CG in
both tests. Additionally, we discovered significant
differences between the UG and SG in TVP in favor

(MBTT) | Pre-test
Medical ball throw test ~ ElPost-test
*

55 8=17.75% $
— * £=10.59% $
5
2 45
Q
c
©
k7]
a

3.5

2.5

Unstable group

Stable group Control group

Note. * Significant difference from the pre-test. $ Significant difference from the control group. # significant
difference from the stable group. A Change ratio % from pre-test.

Figure 1. The effect of training intervention on VJT and MBTT.
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Note: * Significant difference from the pre-test. $ Significant difference from the control group. # significant
difference from the stable group. A Change ratio % from pre-test.

Figure 2. The effect of training intervention on HST and SEBT.

(GSRT)

20 Gymnastics-specific shuttle run test
£=4.63%

[ Pre-test
[ Post-test
£=1.22%
0=5.61% I

*

Unstable group

Stable group Control group

Note: * Significant difference from the pre-test. $
Significant difference from the control group. A
Change ratio % from pre-test.

Figure 3. The effect of training intervention on
GSRT.

of the UG. The groups significantly increased TVP
from Pre (UG 6.21%0.47 point; SG 6.17+0.32 point;
CG 6.13%0.39 point) to Post (UG 8.05%0.34 point,
A% = 29.92%, Cohen’s d= 4.632, P = < 0.001<0.05;
SG 7.25+0.41 point, A% = 17.7%; Cohen’s d= 3.533,
P= < 0.001<0.05; CG 6..61+0.55 point, A% = 8.15%;
Cohen’s d= 0.792, P= 0.045 <0.05). (see Fig.4)

Discussion

The findings of this study indicate that after eight
weeks, both HIIT on unstable and stable groups
showed greater improvement than the control
group for explosive strength, balance, agility,
and Tsukahara vault performance in gymnastics.
HIIT seems to be necessary to provoke additional
improved explosive strength, balance, and agility
because of the high-intensity exercises that were
performed with a 30-second working and 15-second
rest interval. In addition, HIIT on unstable surfaces
improves explosive strength and balance better
than HIIT on stable surfaces, while HIIT on unstable

48
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Figure 4. The effect of training intervention on
TVP.

surfaces improves agility almost similarly to HIIT
on stable surfaces.

Regarding explosive strength, our study showed
that HIIT on unstable surfaces has better training
effects on explosive strength compared with HIIT on
stable surfaces. Where the HIIT on unstable surfaces
had a large effect on explosive strength [Cohen’s d=
VJT (2.258) and MBTT (3.325)] by increasing the VJT
(11.38%) and MBTT (17.75%), which outweighed the
HIIT onstable surfacesimproved by 7.30% and 10.59%
and control groups by 2.82% and 2.79%, respectively,
creating a large effect size between 3 groups [n2=
VJT (0.677) and MBTT (0.661)]. When it is focused
on an unstable surface literature review, we came
upon a paper that was carried out by Romero-Franco
et al., which found significant improvement in jump
strength in sprinters after 6 weeks of proprioceptive
training with unstable tools, i.e., bosu ball and Swiss
ball [41]. Caglayan et al. observed increased vertical
jump in wrestler athletes after plyometric training
on an unstable surface, i.e., bosu ball and trampoline
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[42]. In a study conducted on athletic children, it
was found that strength training with bosu balls
improved vertical jump and standing long jump
[43]. Another study on adolescent children found
that core strength training on unstable and stable
surfaces for 6 weeks caused a significant increase
in explosive strength test data and unstable surface
training showed an improvement compared to stable
surfaces [44]. These outcomes are consistent with
the measurements we collected after eight weeks,
which may support increased explosive strength
in the unstable group better than the stable group.
Thus, exercises executed using unstable surfaces
could improve explosive strength in Tsukahara vault
players better than stable surfaces.

As to balance, we found a large effect [Cohen’s
d=HST (4.781) and SEBT (4.367)] upon the unstable
group by the improved HST (30.22%) and SEBT
(10.80%). This data was greater than the stable group
improved by 20.50% and 6.91% and the control
group by 4.95% and 1.89%, respectively, creating a
large effect size between groups [n2= HST (0.622)
and SEBT (0.514)]. Upon reviewing the research
pertaining to unstable exercises and their effects on
balance, our result was aligned with Prasetyo et al.,
who reported significantly improved balance after 18
sessions of circuit training with a bosu ball in young
archery athletes [25]. It also agreed with Nugraha et
al.’s study, which reported significant differences in
balance for basketball players after being given bosu
ball exercise treatment compared to the TheraBand
exercise [45]. Similarly, A, Elfateh’s study found a
significant increase in balance after 10 weeks of bosu
ball exercises applied to university students [46].
Most likely, throughout the eight weeks of training,
neurological adaptations occurred, which led to an
increase in balance in our research. Our findings are
consistent with literature demonstrating the benefits
of proprioceptive and vestibular stimulation from
rebounding exercises utilizing Bosu balls for postural
control and balance [47]. Thus, we believe that HIIT
on unstable surfaces has a positive effect on balance
because it increases the number of motor units that
function to maintain equilibrium and activates the
synergist muscle groups more efficiently.

In terms of agility, our study found no significant
differences between unstable and stable groups.
However, the unstable group as compared to the
stable group had only limited additional effects.
The unstable group increased the GSRT by (5.61%),
while the stable group increased by 4.63%, with
a large effect size (Cohen’s d= 1.099 and 0.981),
respectively. Compared to the control group, this
improvement was significantly higher with 1.22%,
creating a large effect size between 3 groups (n2=
0.517). Upon reviewing the literature on unstable

exercises, we found only studies that focused on
unstable exercises and their effect on agility, which
corroborated our findings. Where Cressey et al.,
observed no significant improvement in the agility
of collegiate males’ soccer players after 10-week
lower-body exercises performed between unstable
surfaces group and the control group, but significant
improvements were observed within groups [48]. It
is believed that the changes in explosive strength,
balance, and agility following high-intensity interval
training applied to unstable and stable groups, which
were shown to be superior to the control group in
the current study, are brought on by the heavy usage
of high-intensity, repetitive movements.

The present study showed that HIIT on unstable
surfaces had a large effect size on Tsukahara vault
performance (Cohen’s d= 4.632) by the increased
TVP points (29.92%). This was greater than the stable
group improved by 17.7% and the control group by
8.15%, creating a large effect size between 3 groups
(m2= 0.666). In our opinion, the improvement of
explosive power, balance, and agility is the reason
for the increase in Tsukahara vault performance.

Conclusions

The goal of this study was to assess how HIIT
affected gymnasts’ explosive strength, balance,
agility, and Tsukahara vault performance on
unstable vs stable surfaces. According to our
research, HIIT on unstable surfaces maximized
explosive strength and balance more effectively
than HIIT on stable surfaces. While HIIT on unstable
surfaces enhances agility almost as much as it does
on stable surfaces. As a result, if the goal of training
is to enhance agility, then HIIT on unstable surfaces
has limited advantages over HIIT on stable surfaces.
In all variables, the HIIT unstable and stable groups
fared better than the control group. Because HIIT
can enhance players’ explosive strength, balance,
and agility and free up more practice time for other
areas, we advise gymnastics coaches to give it some
thought. Additionally, an alternate technique to
enhance explosive strength and balance is to utilize
HIIT on unstable surfaces. Additionally, it may be
utilized alongside exercises on stable surfaces when
enhancing agility.
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