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ABSTRACT Objective: The purpose of this study was to investigate the ef-
fects of 8-week basketball trainings combined with suspension (TRX) trai-
nings on balance, agility and vertical jump performance of developmental
group basketball players. Material and Methods: Dynamic balance of the
athletes were evaluated with star excursion balance test. Vertical jump test
was done using contact mat (Newtest Powertime, Finland). In the T-test agi-
lity test, photocell and digital screen were used to determine the times. TRX
Pro 4 suspension trainer equipment was used for suspension strength trai-
ning applications. Twenty six male basketball players, with the age average
of 12.89+0.28 volunteered in our study. The participants were randomly di-
vided into 2 groups; one of which is control group (BASK) (n=13) and anot-
her as the experimental group (SUSP_BASK) (n=13). In addition to routine
basketball trainings performed three times weekly, the players in
SUSP_BASK group performed suspension strength training three times a
week for 8 weeks. BASK group only performed the routine basketball trai-
nings without any additional training. Vertical jump, balance and agility pa-
rameters were measured in the beginning and at the end of the study as initial
test (T1) and final test (T2) along with anthropometric measurements. Re-
sults: SPSS version 18.00 was used in analysis and assessment of the col-
lected data. Statistical significance level was set at p<0.01 and p<0.05. After
8 weeks, increases of (p<0.01), (p<0.05) significance level were respectively
detected on the balance and vertical jump parameters of SUSP_ BASK
Group players. The difference on agility parameter was found to be insig-
nificant (p>0.05). Conclusion: As a result, although 8-week basketball trai-
nings combined with suspension trainings made significant differences on
balance and vertical jump skill, the effect on agility was insignificant.

Keywords: Strength training; suspension training;
basketball; vertical jump; star excursion balance test;
agility T-test

OZET Amag: Bu caligmanin amaci, 8 haftalik siispansiyon (TRX)
antrenmanlari ile birlestirilmis basketbol antrenmanlarinin, gelisim grubu
basketbolcularda denge, ¢eviklik ve dikey sicrama performanslari tizerine
olan etkilerinin arastirilmasiydi. Gere¢ ve Yontemler: Arastirmamizda,
sporcularin dinamik dengesi yi1ldiz denge testi ile degerlendirildi. Dikey
sigrama testi, kontakt mat (Newtest Powertime, Finlandiya) kullanilarak
yapildi. Siireleri belirlemek i¢in T-test ¢eviklik testinde fotosel ve dijital
ekran kullanildi. Siispansiyon kuvvet antrenman uygulamalari igin “TRX
Pro 4 suspension trainer” ekipmani kullanildi. Calismamiza; yas ortalamasi
12,89+0,28 yil olan, 26 erkek goniillii basketbol oyuncusu dahil oldu.
Caligmamiza katilan sporcular, kontrol grubu (BASK) (n=13) ve deney
grubu (SUSP_BASK) (n=13) olmak iizere randomize sekilde ikiye ayrildi.
SUSP_BASK grubundaki sporcular, haftalik 3 giin olan rutin basketbol
antrenmanlarina ek; 8 hafta, haftada 3 giin siispansiyon kuvvet antrenmanlari
uyguladi. BASK grubu ise haftada 3 giin olan basketbol antrenmanlarina
devam etti ve bunun disinda ilave antrenman uygulamadi. Sporcularmn
antropometrik dl¢iimleri ile dikey sigrama, denge ve ¢eviklik parametreleri
caligmanin basinda, 6n-test (T1) ve son-test (T2) olarak 6l¢iildii. Bulgular:
Verilerin istatistiksel analizi ve degerlendirilmesinde SPSS versiyon 18.0
kullanildh. Istatistiksel anlam degeri p<0,01 ile p<0,05 olarak kabul edildi.
Sekiz hafta sonra SUSP_BASK grubundaki sporcularin, denge ve dikey
sigrama parametrelerinde sirasiyla (p<0,01), (p<0,05) anlamlilik diizeyinde
artts bulundu. Ceviklik parametresindeki farkin ise istatistiksel olarak
anlamli olmadig1 bulundu (p>0,05). Sonug: Sekiz haftalik siispansiyon
caligmalart ile birlestirilmis basketbol antrenmanlari, denge ve dikey sigrama
yetisinde istatistiksel olarak anlamli farklar olustururken, ¢eviklik yetisine
etkisi olmadig: belirlendi.

Anahtar Kelimeler: Kuvvet antrenmani; siispansiyon antrenmant,
basketbol; dikey sigrama; y1ldiz denge testi;
geviklik T-testi
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Suspension trainings are among the stabilization
trainings and provides the person to exercise against
his own body weight in a suspended position with
belt and suspension ties that are hung up on a fixed
point (such as ceiling or pull bar).! During the exer-
cise one or both members of lower or upper extrem-
ity are supported with hand belts positioned on the
ends of suspension cable which is the overhead con-
nection point (such as ceiling or wall). The level of
the exercise is adjusted via changing the work angle
(taking the body closer to the ground) or adding bal-
ance equipments (swiss ball, bosu ball, wobble board,
inflated disc etc.).”? Suspension (TRX) trainings use
the functional movements and dynamic positions for
lower and upper extremity that requires person to pro-
ceed stabilisation. According to literature review; it
has been demonstrated that the impaired stabilisation
throughout the suspension trainings enhances the par-
ticipance of motor unit, then forcing the muscle to
work more in order to proceed the move. These ex-
ercises are performed simultaneously in order to de-
velop strength, balance, flexibility and joint
stabilisation. These multi-purpose exercises for whole
body not only increase the strength, but also enhance
the coordination, stabilisation and mobility in a short
while.?

It has been found that most of the studies asso-
ciated with the suspension strength trainings has been
planned on muscle activations via electromyographic
measurements.'>*'® Moreover, there are studies
planned for different sport branches, and different age
groups in which, the resistance are investigated, the
physiological and metabolical effects have been re-
searched, prevention of injury and rehabilitation pro-
gram have been studied on body composition and
some other biomotor skills for different training an-

3,11-22

gles.

When the conducted studies are reviewed, it has
been seen that there are articles published on interna-
tional journals planned with different purposes on sus-
pension trainings in adults and elderly, there is a
scarcity of studies that reveals the suspension train-
ings and its outcomes in puberty group. Moreover, the
training duration of conducted studies is found to be
insufficient to enhance the biomotor and support bio-
motor skills."”
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The performance of basketball techniques accu-
rately and fluently in an intended level can be pro-
vided
coordination. Suspension trainings play an important

via intermuscular and intramuscular
role to enhance this coordination and to train the
agility, balance and vertical jump that take place in all
technical details of basketball. Thus, the purpose of
the study is to investigate the effects of suspension
strength trainings combined with basketball trainings
that will be performed 3 times weekly and during 2
mesocycles (8 weeks) on developmental group bas-
ketball players. The hypothesis of the present study
was set up as: Suspension strength trainings enhances
the vertical jump, balance and agility parameters on

developmental group basketball players.

I MATERIAL AND METHODS
PARTICIPANTS

The procedures suggested by Beck were followed to
calculate the adequate sample size a priori using the
G*Power 3.196. Thus, considering a power of 0.8, a
significance level of 5% and an effect size (ES) of 1.01,
it was found that 26 participants would be enough to
provide 0.804 statistical power. Therefore, 26 male vol-
unteers that are licensed basketball players with age av-
erage of 12.89+0.28 years, height average of
166.48+10.85 cm, weight average of 56.82+12.33 kg
and training age average of 4.07+1.56 years partici-
pated in our study. Participants who volunteered in this
study were playing the third basketball season. Detailed
descriptive statistics of the participants are presented in
Table 1. The participants were randomly divided into
two groups: SUSP_BASK (experimental group) and
BASK (control group). The inclusion criteria were;
being male, in the age range of 12-14, performing reg-
ular basketball training at least for a year, training at
least three times weekly, each training unit lasting
ninety minutes, being an licenced basketball player, not
having any disorder or disease associated with muscu-
loskeletal or cardiovascular system, not having any in-
jury that might cause restriction of movement within
the last 6 months and not using any ergogenic support.
The study was designed in accordance with the rules
and principles of Helsinki Declaration and approved
by the Ethics Committee of Ege University
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(EGE.ETK.Date: 8/5/2018, Decree No: 18-5/24). The
approval form for volunteering were filled by the par-
ticipants and their parents.

ANTHROPOMETRIC MEASURES

The height of the participants were measured via
metal height scale with the sensitivity of 1 mm
mounted on the wall. The body weight of the partic-
ipants were measured via electronic scale, when the
participants had bare feet, wearing only t-shirt and
shorts. The body mass index was calculated as kg/m?.
In order to be used in the normalisation of the bal-
ance test, the leg lengths of participants were meas-
ured on bare feet via measuring tape with the
sensitiviy of 1 mm. Anterior and superior iliac crests
on hips and medial malleolus crest on feet were taken
as reference points.

EXERCISE PROTOCOL

The volunteers in the study were randomly divided
into BASK and SUSP_BASK Groups. In order to ob-
tain performance data, all the participants performed
star excursion balance tests, T-tests of agility and
vertical jump tests beginning and at the end of the
study. The participants of BASK group kept on
their regular basketball trainings without additional
strength training. The participants of SUSP_ BASK
group performed 2-week familiarization phase prior
to 8-week suspension strength training (Figure 1).
Subsequent to familiarization process, the partici-
pants performed 24 session trainings, 3 times
weekly with one day rest between each training,
each of the unit trainings lasting for 25 min (Figure
1). Prior to suspension strength trainings, the par-
ticipants of SUSP_BASK group went through
warm-up protocol, including 5-min running in bas-
ketball field, 5-min warm-up drills for upper and
lower extremity and 5-min dynamic stretching. In
the first four week, the volunteers in SUSP_ BASK
group performed suspension strength trainings in
which with the angular intensity of 60°, the angle
between the body and the ground. Standing upright
position (90°) was accepted as the starting position.
In the latter four-week-period, the intensity in-
creased 10°. The volunteers in SUSP_BASK group
performed suspension strength trainings in which
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Participant Group N=26

INITIAL TEST (T1) :

|| Star Excursion Balance

Test, Vertical Jump Test,
T-Test of Agility

INITIAL TEST (T1):

|__| Star Excursion Balance

Test, Vertical Jump Test,
T-Test of Agility

FAMILIARIZATION: 2-week
duration, 3 times weekly.

Purpose; to demonstrate the Routine basketball

exercise techniques intensity:§0° , trainings
20 s work, 60 s rest, | set.
TRX TRAININGS:
- durati i - Routine basketball
8-week duration, 3 times trainings
weekly

FINAL TEST (T2): Star
Excursion Balance Test,
Vertical Jump Test, T-
Test of Agility

FINAL TEST (T2): Star
L Excursion Balance Test,

Vertical Jump Test, T-Test
of Agility

1st Mesocycle: Intensity: 60°, Work: 30 s, Rest 60 s, Set: 1.
Applied Movement: Chest Press, Standing Overhead Triceps
Extension, Biceps Curl, Inverted Row, Plank, Iso Squat,
Suspensed Leg Lying Leg Curl.

2nd Mesocycle: Intensity: 50°, Work: 30 s, Rest 60 s, Set: 1.
Applied Movement: Chest Press, Standing Overhead Triceps
Extension, Biceps Curl, Inverted Row, Bicycle Crunch,
Triangle Squat, Suspensed Leg Lying Leg Curl.

\_

i

J

FIGURE 1: Flow chart.

with the angular intensity of 50°, the angle between
the body and the ground (Figure 1). After suspension
strength trainings, the participants kept up with their
regular basketball trainings.

STAR EXCURSION BALANCE TEST PROTOCOL

Each participant was allowed to have 6 test trials for
each of eight aspects to minimize the effect of learn-
ing theory. Subsequent to 5-min rest period, the par-
ticipants had 3 trials for each of the eight aspects, the
averages of these 3 trials were recorded.” The rest
period between the trials was 2 minutes.

It has been found that the leg length and the
height were significantly associated with the reaching
distance in most of the aspects. As leg length was the
factor with the highest correlation, the reach distances
of participants were normalised to leg length.? The
obtained data were normalized with the formula of
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[(Reach Distance/Leg Length)*100] for each partic-
ipant. The normalized values were accepted as the
percentage of the participant’s reach distance.”

VERTICAL JUMP TEST PROTOCOL

Counter- movement jump mechanic was applied in
the vertical jump test. In the study used Newtest Pow-
ertime-Finland brand wide measurement surface sen-
sored mat and hand-held computer providing control
based on the mat. The participants performed three
vertical jumps and the best among the three was
recorded.”® The rest period between the trials was 2
minutes.

T-TEST OF AGILITY PROTOCOL

Through the implication of test, 4 agility cones, re-
flector photocell to measure time and a digital screen
to measure time were used. The participants per-
formed three trials and their best was recorded.’” The
rest period between the trials was 2 minutes.

STATISTICAL ANALYSIS

In order to investigate the outcomes of balance,
agility and vertical jump in SUSP_ BASK and BASK
group, the accordance of the difference between ini-
tial and final test to normal distribution was assessed
via Shapiro-Wilk test.

The previously obtained difference data between
the initial test and final test were used in order to sta-
tistically assess the difference between two groups
and the normality hypothesis was tested. In order to
find out whether there’s difference in terms of bal-
ance, agility and vertical jump between the groups;
independent samples t-test and Mann-Whitney U test
were used for normally distributed variables and non-
normally distributed variables respectively. Levene
test was used to investigate whether the varient ho-
mogenity hypothesis to agility value variation is pro-
vided according to groups. As it is p>0.05 in Levene
test, the varient homogenity hypothesis was provided.
SPSS 18.00 package program were used to analyse
the data statistically. Cohen D was used for ES.”® The
ESs in Cohen were categorized as; 0-0.20 trivial,
0.20-0.50 small effect, 0.50-0.80 medium effect and
p>0.80 as large effect.”*3! Statistical significance
level was set as p<0.01 and p<0.05.
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TABLE 1: The descriptive statistics of participants.
SUSP_BASK group (n=13)  BASK group (n=13)

N=26 X SD X SD

Age (Year) 12.95 0.25 12.82 0.29
Training age (Year) 423 1.54 3.92 1.58
Height (cms) 168.04 10.51 164.92 11.40
Weight (kg) 57.00 12.54 56.65 12.63
Body mass index 20.03 2.01 20.73 2.84
Right leg length (cms) 93.23 6.86 91.19 6.76
Left leg length (cms) 93.23 6.86 91.19 6.76

X: Average; SD: Standard deviation; N: Total number of volunteers participated in the
study; n: Total number of volunteers in the group; SUSP_BASK group: Experimental
group; BASK group: Control group.

I RESULTS

Shapiro-Wilk test was performed in order to detect
whether the descriptive statistical variables were nor-
mally distributed. When the values of variation were
examined; it was found that descriptive statistical
variables were normally distributed as it is p>0.05 for
all the variables (Table 1).

THE ANALYSIS OF STAR EXCURSION BALANCE
TEST

The results of independent samples t-test and Mann-
Whitney U test are applied for dynamic balance value
variations are presented on Table 2. It was found out
that there was increase of p<0.01 significance level in
SUSP_BASK group which performed 8-week sus-
pension strength training, in terms of medial
(p=0.001, ES=I1.11), posteromedial (p=0.001,
ES=1.48), posterior (p=0.001, ES=1.49), posterolat-
eral (p=0.001, ES=1.26) and anterolateral (p=0.001,
ES=1.09) balance parameters for right leg, when
compared to BASK group (Table 2). As presented in
Table 2, since the significance level for left leg was
p<0.01 for anteromedial (p=0.009, ES=0.78), antero-
lateral (p=0.008 ES=0.81), posterior (p=0.001,
ES=1.38) and posteromedial (p=0.001, ES=3.61) bal-
ance parameters and p<0.05 for anterior (p=0.011,
ES=0.76), medial (p=0.044, ES=0.59), posterolateral
(p=0.028, ES=0.65) and lateral (p=0.049, ES=0.57)
balance parameters for SUSP BASK group which
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TABLE 2: The results of independent samples t-test and Mann-Whitney U test with respect to variation of SUSP_BASK group and
BASK group’s balance parameters between the initial test and the final test.
SUSP_BASK group  BASK group
variation between variation between
the initial test &  the initial test & Independent samples Mann-Whitney
N=26 final test (n=13)  final test (n=13) t-test U test
Balance parameters X£SD X*SD t value p value ES U p value ES
Right leg Anterior 2.62+1.16 2.22+7.21 0.200 0.843 0.05
Anteromedial 2.86+0.92 0.56+8.76 0.943 0.355 0.26
Medial 2.94+1.44 -3.71£5.79 4.021 0.001** 1.1
Posteromedial 4.03+1.13 -3.114.67 5.351 0.001** 1.48
Posterior 3.43+1.31 -3.794.67 5.368 0.001* 1.49
Posterolateral 1.73+£0.37 -6.67+6.64 4.555 0.001* 1.26
Lateral 0.55+0.91 -3.85+10.35 1.525 0.140 0.42
Anterolateral 0.65+0.52 -6.316.32 3.958 0.001* 1.09
Left leg Anterior 2.68+0.57 -1.9245.97 2.767 0.011* 0.76
Anterolateral 3.33+0.77 -1.0445.34 2918 0.008** 0.81
Lateral 0.48+0.75 -3.096.15 2.076 0.049* 0.57
Posterolateral 0.81+0.65 -3.2316.18 2.341 0.028* 0.65
Posterior 2.63+1.30 -6.46+7.59 5.000 0.001* 1.38
Posteromedial 3.26%3.36 -6.45+8.48 13.000 0.001* 3.61
Medial 2.72+0.50 -1.1546.52 2.131 0.044* 0.59
Anteromedial 1.60+1.61 -3.3846.13 2.835 0.009** 0.78

X: Average; SD: Standard deviation; SUSP_BASK group: Experimental group; BASK group: Control group; N: Total number of volunteers participated in the study; n: Total number of
volunteers in the group; ES: Effect size. **p<0.01; *p<0.05.

performed 8-week suspension strength training; a sig- As presented in Figure 2, all the parameters for

nificant difference was observed when compared to right leg in BASK Group excluding anterior and an-

BASK group. teromedial balance parameters are in tendency of de-
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FIGURE 2: The line charts of the initial (T1) and final tests (T2) averages on right leg balance test variables in SuSP_BASK and BASK groups.
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creasing. On the other hand, variable amounts of in-
crease in all the reach aspects of right legs were ob-
served in SUSP_BASK group (p<0.01-p<0.05). Thus,
these outcomes revealed the effects of 8-week suspen-
sion strength training on right leg balance parameters.

When the improvement in right leg balance pa-
rameters between the initial test and final test of
BASK group was examined; decreases in terms of all
the balance parameters were seen in the final test
when compared to the initial test (Figure 3). On the
other hand, it was observed that all the balance pa-
rameters increased in SUSP_BASK group, proving
that participating in 8-week suspension strength train-
ing increased the balance parameters in variable
amounts (p<0.01-p<0.05).

THE ANALYSIS OF VERTICAL JUMP TEST AND
T-TEST OF AGILITY

The results of independent samples t-test that is ap-
plied for agility value variations and Mann-Whitney U
test that is applied for vertical jump test value varia-
tions are presented on Table 3.

According to Table 3, it is seen that 8-week sus-
pension training made no statistical variation on
agility values between 2 groups (p=0.186, ES=0.37),
(p>0.05). As to variation on vertical jump value, it
can be said that there had been an increase with
(p=0.022, ES=11.25) p<0.05 between two groups.

As seen on Figure 4, it can be concluded that the
agility parameter has regressed less in SUSP_ BASK
group, when compared to BASK group. Additionally,
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FIGURE 3: The line charts of the initial (T1) and final tests (T2) averages on right leg balance test variables in SUSP_BASK and BASK groups.

TABLE 3: The results of independent samples t-test and Mann-Whitney U test concerning the variations in agility and
vertical jump values of SUSP_BASK and BASK group between the initial and final test.

SUSP_BASK group
variation between

BASK group
variation between

initial test-final test initial test-final test Independent samples Mann-Whitney
N=26 (n=13) (n=13) t-test U test
XSD X£SD p value ES p value ES
T-test of agility 0.19+0.51 0.44+0.41 0.186 0.37
Vertical jump test 4.23+2.42 2.00+2.45 0.022* 11.25

X: Average; SD: Standard deviation; SUSP_BASK: Experimental group; BASK: Control group; N: Total number of volunteers participated in the study; n: Total number of volunteers
in the group; ES: Effect size. **p<0.01; *p<0.05.
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FIGURE 4: The column charts pertaining to the averages of agility and vertical jump variations belonging to the SUSP_BASK and BASK groups between the initial (T1)

and final test (T2).

the vertical jump parameter belonging to the group
which performed 8-week suspension strength train-
ing has dramatically increased.

I DISCUSSION

The purpose of the current study was to investigate
the effects of 8-week suspension (TRX) combined
with basketball training on balance, agility and verti-
cal jump performance belonging to developmental
group basketball players. Thus, we designed our hy-
pothesis on the idea that 8-week suspension training
develops the balance, agility and vertical jump skills.
basketball game includes patterns of movements in
which the biomotor and auxillary motor skills re-
quiring sudden attack or defense depending on ac-
celeration, slowdown, rotation. These movements are
performed in a restricted basketball court and requires
acceleration, coordination and proper strength out-
put.’! These complicated movement mechanics of
Basketball have led up the investigation about the ef-
fects of suspension trainings on the vertical jump,
agility and balance performances.

When the studies concerning vertical jump in lit-
erature were reviewed, we encountered only with the
ones which are designed for suspension training and
its effect on vertical jump. Thus, the vertical jump
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data obtained in our study were compared to the data
of resistance trainings that are performed on unstable
grounds. In the study of Maté-Muiioz et al., the ef-
fects of conventional resistance trainings and resist-
ance trainings on unstable ground on strength, power,
movement speed and jumping skills in upper and
lower extremities were investigated. Thirty six
healthy sedentary men were divided into 3 groups.
The first group performed conventional circuit re-
sistance training, the second group performed circuit
resistance training aiming at the same muscle groups
with bosu and TRX on unstable ground conditions
and the other group was the control group. The first
two groups performed trainings three times weekly
for 7 weeks.?! In final tests performed subsequent to
the application of training protocol, a significant in-
crease on vertical jump skills belonging to the group
performing resistance training on unstable ground
conditions were reported (p<0.001).?' These results
are parallel with the data we obtained. In our study,
the effects of 8-week suspension on vertical jump
were examined and the vertical jump height was
measured twice; as the initial and final tests. The ver-
tical jump skills of the participants in SUSP_ BASK
group, performing suspension trainings showed a sig-
nificant increase, when compared to BASK group
(p=0.022, ES=11.25), (p<0.05).
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When the studies concerning balance in the lit-
erature are reviewed, it was found out that the star
excursion balance test performed in this study was
used mostly in the studies on injury risks.’?>=* The
other studies investigated the effects of strength or
balance trainings on balance. Heitkamp et al. inves-
tigated the effects on strength or balance trainings
on balance skills. The volunteers participating in the
study were divided into two groups: balance training
group (n=15) and strength training group (n=15).
Single leg balance skill increased in balance training
and strength training group with p<0.01 and p<0.05
significance level respectively; thus the group per-
forming balance trainings showed a greater increase
when compared to the group performing strength
training.

Our study investigated the effects of 8-week sus-
pension training on dynamic balance, and significant
(p<0.01) increase was observed in the SUSP-BASK
group, in terms of medial, posteromedial, posterior,
posterolateral and anterolateral balance parameters
for right leg (Table 2). As the significance level of
variation in terms of anteromedial, anterolateral, pos-
terior and posteromedial balance parameters for left
leg is p<0.01; and p<0.05 for anterior, medial, pos-
terolateral and lateral balance parameters in
SUSP_BASK, it can be said that a statistical differ-
ence was observed when compared to BASK group.
We believe that compound TRX strength trainings
performed on unstable conditions causes more motor
units to work and to keep the stabilization, activates
the synergist muscle groups more effectively; thus
they have positive effects on balance parameters.

As to agility parameters, throughout our litera-
ture review concerning the effects of the resistance
exercises performed on unstable ground, on the
agility, we encountered a study that is conducted in
2011. In the forementioned study, mildly trained peo-
ple within the age range of 22-25 were divided into
two groups as conventional training and functional
training groups. The groups performed training 3
times weekly during 5 weeks. Throughout this period,
the variations in antropometry, jumping, agility and
sprint skills were tracked.! In this study, conventional
training group has performed training with free
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weight on the first session, and conducted training
performing 4 different movements in 4 sets with 80%
of 1 RM with 6-10 repetitions on the second session.
Functional training group performed training of
which intensity was determined by the participants,
including 6 movements with 10-15 repetitions. TRX
and other equipments that require stabilization were
used in these trainings. At the end of this study where
the agility parameter was assessed via hexagon Ag 5-
10-5 test, a significant variation was reported on
hexagon agility test results of functional training
group p<0.05." As a result of our study, it was found
out that 8-week suspension strength training didn’t
bring statistically significant variation on the results
of T-test of agility, (p>0.05). We believe the reason
for that depends on either insufficient intensity of the
performed training or the different characteristics of
the test batteries that are used in both studies in order
to assess the agility. Thus, no statistical difference
was found out in Ag 5-10-5 test and the application of
this test includes lateral accelarations that are similar
to what we used in T-test, which we preferred to con-
duct in our study.

Further studies on strength trainings in unstable
conditions (TRX) may cause variation in the values
of agility parameters if more participants volunteer
or the participants are above 13 years old or the an-
gular intensity is more than 60° and 50° or if more
training sessions are conducted.

I CONCLUSION

Concludingly, in our study to investigate the effects
of 8-week suspension trainings on vertical jump,
agility and balance skills, we found out improve-
ments in these parameters and our results have paral-
lels with the results of the studies in literature, that
are conducted with similar or different training meth-
ods. Our hypothesis proposing that suspension train-
ing improves vertical jump and balance skills are
confirmed; however the hypothesis on improvement
of agility skills was not confirmed. Thus, we con-
cluded that suspension training doesn’t significantly
affect the agility skill. According to the obtained re-
sults, when the suspension trainings are properly de-
signed in time ranges of unit trainings and
macrocycles depending on age and sex, the addition
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of suspension trainings into the conventional basket-
ball trainings improves the balance and vertical jump
parameters.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-

bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Onur Demirarar; Design: Onur Demirarar, Con-
trol/Supervision: Bahtiyar Oz¢ildiran; Data Collection and/or
Processing: Onur Demirarar, Cansu Coban; Analysis and/or In-
terpretation: Onur Demirarar, Cansu Coban, Literature Re-
view:Onur Demirarar, Merve Cin; Writing the Article: Onur
Demirarar; Critical Review: Bahtiyar Oz¢ildiran, Merve Cin;

References and Fundings: Onur Demirarar.

Snarr RL, Esco MR. Electromyographic com-
parison of traditional and suspension push-
ups. J Hum Kinet. 2013;39:75-83.[Crossref]
[PubMed] [PMC]

Mok NW, Yeung EW, Cho JC, Hui SC, Liu KC,
Pang CH. Core muscle activity during sus-
pension exercises. J Sci Med Sport.
2015;18(2):189-94.[Crossref] [PubMed]

Mohamed TS. Effect of TRX suspension train-
ing as a prevention program to avoid the
shoulder pain for swimmers. Science Move-
ment & Health. 2016;16(2):222-7.[Link]

Snarr RL, Esco MR. Electromyographical
comparison of plank variations performed with
and without instability devices. J Strength
Cond Res. 2014;28(11):3298-305.[Crossref]
[PubMed]

Fong SS, Tam YT, Macfarlane DJ, Ng SS, Bae
YH, Chan EW, et al. Core muscle activity dur-
ing TRX suspension exercises with and with-
out kinesiology taping in adults with chronic
low back pain: implications for rehabilitation.
Evid Based Complement Alternat Med.
2015;2015:910168. [Crossref] [PubMed]
[PMC]

Schoffstall JE, Titcomb DA, Kilbourne BF.
Electromyographic response of the abdominal
musculature to varying abdominal exercises. J
Strength Cond Res. 2010;24(12):3422-6.
[Crossref] [PubMed]

Harris S, Ruffin E, Brewer W, Ortiz A. Muscle
activation patterns during suspension training
exercises. Int J Sports Phys Ther. 2017;12(1):
42-52. [PubMed] [PMC]

Snarr RL, Esco MR, Witte EV, Jenkins CT,
Brannan RM. Electromyographic activity of
rectus abdominis during a suspension push-
up compared to traditional exercises. Journal
of Exercise Physiology Online. 2013;16(3):1-
8.[Link]

Calatayud J, Borreani S, Colado JC, Martin

10.

".

12.

13.

14.

15.

16.

17.

IREFERENCES

FF, Rogers ME, Behm DG, et al. Muscle acti-
vation during push-ups with different suspen-

15.[Link]

34.[Link]

‘ - ; 18. Gaedtke A, Morat T. Effects of two 12-week
sion training systems. J Sports Sci Med. strengthening programmes on functional mo-
2014;13(3):502-10.[PubMed] [PMC] bility, strength and balance of older adults:
McGill SM, Cannon J, Andersen JT. Analysis comparison between TRX suspension training
of pushing exercises: muscle activity and versus an elastic band resistance training.
spine load while contrasting techniques on Central European Journal of Sport Sciences
stable surfaces with a labile suspension strap and Medicine. 2016;13(1):49-64.[Crossref]
training system. J Strength Cond Res. 19 Tomljanovié M, Spasi¢ M, Gabrilo G, Uljevi¢
2014;28(1):105-16.[Crossref] [PubMed] 0, Foreti¢ N. Effects of five weeks of functional
Gulmez |. Effects of angle variations in sus- vs. traditional resistance training on anthropo-
pension push-up exercise. J Strength Cond metric and motor performance variables. Ki-
Res. 2017;31(4):1017-23.[Crossref] [PubMed] nesiology. 2011;43(2):145-54.[Link]

Melrose D, Dawes J. Resistance characteris- ~ 20. Boonsit S, Peepathum P, Mitranun W. The
tics of the TRX™ suspension training system acute effects of the different total body resist-
at different angles and distances from the ance exercise (TRX) postures on flow-medi-
hanging point. Journal of Athletic Enhance- ated dilatation in elderly subjects. Journal of
ment. 2015;4(1):1-5.[Link] Exercise Physiology Online. 2017;20(4):24-
Smith LE, Snow J, Fargo JS, Buchanan CA, 35.[Link]
Dalleck LC. The acute and chronic healthben- 21, Maté-Mu-oz JL, Monroy AJ, Jodra Jiménez P,
efits of TRX Suspension Training® in healthy Garnacho-Casta-o MV. Effects of instability
adults. Int J Res Ex Phys. 2016;11(2):1- versus traditional resistance training on
strength, power and velocity in untrained men.
Dudgeon WD, Herron JM, Aartun JA, Thomas J Sports Sci Med. 2014;13(3):460-8.[PubMed]
DD, Kelley EP, Scheett TP. Physiologic and [PMC]
metabolic effects of a suspension training 22, Essam-Eldeen RM. Influence of sling exer-
workout. International Journal of Sports Sci- cises (TRX) on certain physical variables and
ence. 2015;5(2):65-72.[Link] performance level of high jump for female col-
Cheatham SW, Kolber MJ. Rehabilitation after lege students. Ovidius University Annals, Se-
hip arthroscopy and labral repair in a high ries Physical Education and Sport/Science,
school football athlete. Int J Sports Phys Ther. Movement and Health. 2017;17(1):59.[Link]
2012;7(2):173-84.[PubMed] [PMC] 23. Beck TW. The importance of a priori sample
Dolati M, Ghazalian F, Abednatanzi H. The ef- size estimation in strength and conditioning re-
fect of a period of TRX training on lipid profile search. J Strength Cond Res. 2013;27(8):
and body composition in overweight women. 2323-37. [Crossref] [PubMed]
International Journal of Sports Science. 24 Farzaneh HA, Golpaigani M, Mahdavi OS,

2017;7(3):151-8 [Link]

luliana BB, Gratjela-Flavia D, Simona M,
Adrian P. TRX suspension training method
and static balance in junior basketball players.
Studia Ubb Educatio Artis Gymn. 2015;3:27-

&3

Nodehi MA, Nikolaidis PT. The relationship be-
tween star excursion balance test and lower
extremity strength, range of motion and an-
thropometric characteristics. Med Sport.
2012;16(3):99-103.[Link]


https://content.sciendo.com/doi/10.2478/hukin-2013-0070
https://pubmed.ncbi.nlm.nih.gov/24511343/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3916913/
https://doi.org/10.1016/j.jsams.2014.01.002
https://pubmed.ncbi.nlm.nih.gov/24556020/
https://www.analefefs.ro/anale-fefs/2016/i2/pe-autori/13.pdf
https://doi.org/10.1519/JSC.0000000000000521
https://pubmed.ncbi.nlm.nih.gov/25264667/
https://www.hindawi.com/journals/ecam/2015/910168/
https://pubmed.ncbi.nlm.nih.gov/26185520/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4491390/
https://doi.org/10.1519/JSC.0b013e3181e74315
https://pubmed.ncbi.nlm.nih.gov/21088553/
https://pubmed.ncbi.nlm.nih.gov/28217415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5294946/
https://www.researchgate.net/publication/265294366_Electromyographic_activity_of_Rectus_Abdominis_during_a_Suspension_Push-Up_Compared_to_Traditional_Exercises
https://pubmed.ncbi.nlm.nih.gov/25177174/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4126284/
https://doi.org/10.1519/JSC.0b013e3182a99459
https://pubmed.ncbi.nlm.nih.gov/24088865/
https://journals.lww.com/nsca-jscr/Fulltext/2017/04000/Effects_of_Angle_Variations_in_Suspension_Push_up.18.aspx
https://pubmed.ncbi.nlm.nih.gov/26950344/
https://www.researchgate.net/publication/279202852_Resistance_Characteristics_of_the_TRX_Suspension_Training_System_at_Different_Angles_and_Distances_from_the_Hanging_Point
https://www.researchgate.net/publication/308034472_The_Acute_and_Chronic_Health_Benefits_of_TRX_Suspension_TrainingR_in_Healthy_Adults
https://www.researchgate.net/publication/274373145_Physiologic_and_Metabolic_Effects_of_a_Suspension_Training_Workout
https://pubmed.ncbi.nlm.nih.gov/22530192/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3325633/
http://article.sapub.org/10.5923.j.sports.20170703.09.html
http://studia.ubbcluj.ro/download/pdf/educatio/2015_3/03.pdf
https://wnus.edu.pl/cejssm/en/issue/120/article/1229/
https://www.researchgate.net/publication/266595403_Effects_of_five_weeks_of_functional_vs_traditional_resistance_training_on_anthropometric_and_motor_performance_variables
http://web.a.ebscohost.com/abstract?site=ehost&scope=site&jrnl=10979751&AN=124391272&h=jVS453PPm%2bzoaC3vVRUxnHCi88r7haIvAm3vjx9ja%2bvJW8hj2fCsqIqMDLaLRTZNcnsl7pKQy%2f8aa80S99JkIQ%3d%3d&crl=c&resultLocal=ErrCrlNoResults&resultNs=Ehost&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10979751%26AN%3d124391272
https://pubmed.ncbi.nlm.nih.gov/25177170/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4126279/
https://go.gale.com/ps/anonymous?id=GALE%7CA497911188&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=2285777X&p=AONE&sw=w
https://journals.lww.com/nsca-jscr/Fulltext/2013/08000/The_Importance_of_A_Priori_Sample_Size_Estimation.38.aspx
https://pubmed.ncbi.nlm.nih.gov/23880657/
https://www.researchgate.net/publication/235938194_The_relationship_between_star_excursion_balance_test_and_lower_extremity_strength_range_of_motion_and_anthropometric_characteristics

Onur DEMIRARAR et al.

Turkiye Klinikleri J Sports Sci. 2021;13(1):75-84

25.

26.

27.

28.

Gribble PA, Hertel J. Considerations for nor-
malizing measures of the star excursion bal-
ance test. Measurement in Physical Education
and Exercise Science. 2003;7(2):89-100.
[Crossref]

Enoksen E, Tennessen E, Shalfawi S. Validity
and reliability of the Newtest Powertimer 300-
series testing system. J Sports Sci. 2009;
27(1):77-84. [Crossref] [PubMed]

Alemdaroglu U. The relationship between mus-
cle strength, anaerobic performance, agility,
sprint ability and vertical jump performance in
professional basketball players. J Hum Kinet.
2012;31:149-58.[Crossref] [PubMed] [PMC]

Cohen J. Statistical Power Analysis for the Be-
havioral Sciences. 2™ ed. Hillsdale, NJ: Erl-
baum; 1988.

29.

30.

31.

32.

Hopkins WG, Hopkins W. A scale of
magnitude for effect statistics. 2009.
[Link]

Cohen J. Statistical Power Analysis for the Be-
havioral Sciences (revised); New York: Aca-
demic Press; 1977.

Boccolini G, Brazzit A, Bonfanti L, Alberti G.
Using balance training to improve the per-
formance of youth basketball players. Sport
Sci Health. 2013;9(2):37-42. [Crossref]
[PubMed] [PMC]

Plisky PJ, Rauh MJ, Kaminski TW, Under-
wood FB. Star Excursion Balance Test as a
predictor of lower extremity injury in high
school basketball players. J Orthop Sports
Phys Ther. 2006;36(12):911-9. [Crossref]
[PubMed]

84

33.

34.

35.

Hertel J, Braham RA, Hale SA, Olmsted-
Kramer LC. Simplifying the star excursion bal-
ance test: analyses of subjects with and
without chronic ankle instability. J Orthop
Sports Phys Ther. 2006;36(3):131-7.[Cross-
ref] [PubMed]

Gribble PA, Hertel J, Plisky P. Using the Star
Excursion Balance Test to assess dynamic
postural-control deficits and outcomes in lower
extremity injury: a literature and systematic re-
view. J Athl Train. 2012;47(3):339-57.[Cross-
ref] [PubMed] [PMC]

Heitkamp HC, Horstmann T, Mayer F, Weller
J, Dickhuth HH. Gain in strength and mus-
cular balance after balance training. Int J
Sports Med. 2001;22(4):285-90.[Crossref]
[PubMed]


https://www.tandfonline.com/doi/abs/10.1207/S15327841MPEE0702_3
https://www.tandfonline.com/doi/abs/10.1080/02640410802448723
https://pubmed.ncbi.nlm.nih.gov/19031330/
https://doi.org/10.2478/v10078-012-0016-6
https://pubmed.ncbi.nlm.nih.gov/23486566/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3588656/
https://www.sportsci.org/resource/stats/effectmag.html
https://link.springer.com/article/10.1007%2Fs11332-013-0143-z
https://pubmed.ncbi.nlm.nih.gov/23956797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3713268/
https://doi.org/10.2519/jospt.2006.2244
https://pubmed.ncbi.nlm.nih.gov/17193868/
https://www.jospt.org/doi/10.2519/jospt.2006.36.3.131
https://www.jospt.org/doi/10.2519/jospt.2006.36.3.131
https://pubmed.ncbi.nlm.nih.gov/16596889/
https://meridian.allenpress.com/jat/article/47/3/339/111293/Using-the-Star-Excursion-Balance-Test-to-Assess
https://meridian.allenpress.com/jat/article/47/3/339/111293/Using-the-Star-Excursion-Balance-Test-to-Assess
https://pubmed.ncbi.nlm.nih.gov/22892416/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3392165/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2001-13819
https://pubmed.ncbi.nlm.nih.gov/11414672/

