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Abstract

Background: The aim of this study was to analy-
se the effect of training on unstable ground on 
dynamic stability as measured by the Y-Balance 
Test (YBT).

Materials and methods: The study was conducted 
on 16-year-old football players from the ‘Zagłę-
bie Sosnowiec’ club in Poland. The YBT, which is 
a dynamic test that assesses strength, flexibili-
ty and coordination, was used as a research tool. 
For this purpose, a ‘Y’ shape was drawn on flat 
ground, and each component line was given a 
separate name: anterior (A), posterolateral (PL) 
and posteromedial (PM). The training on unstable 
ground lasted 6 weeks. Each study group perfor-
med 2 training sessions just before the regular 
football training at the club. The control group 
received only football training conducted by the 
club coaches. Throughout this period, 12 central 
stabilization training sessions were conducted 
for the study group.

Results: At the completion of the project, signi-
ficant progress was observed in the YBT for the 
study group compared to the control group. In 
the A reach direction for the left lower limb, a sta-
tistically significant improvement was documen-

ted in the study group in the second test (p<0.05). 
In the PM direction, the second test also revealed 
a statistically significant improvement for the 
study group (p<0.05). Finally, the PL distance re-
ached by the study group in the second test sho-
wed a statistically significant increase compared 
to the previous test for both the right and left lo-
wer limbs (p<0.05).

Conclusions: Core stability training on unstable 
ground improves performance in the YBT for the 
right lower limb in the PM and PL directions and 
for the left lower limb in the A, PM and PL reach 
directions. In both the study and control groups, 
there were no significant differences (asymme-
tries) in the A reach direction nor in the compo-
site score between the right and left lower limbs. 
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Introduction

NAlong with advances in the science of stabilisa-
tion and the growing interest in the field, people 
have begun to wonder about the significance sta-
bilisation might have for various sports discipli-
nes. Undoubtedly, all athletes with outstanding 
technique perform the movement activities that 
their discipline requires in a perfect manner. El-
phinston [1] proposed a simple, useful definition 
for functional stability in sport: ‘the ability to use 
individual body structures in the safest, most 
effective positions possible, with regard to the 
functional tasks being imposed on them’ [1]. A few 
years later, the definition of this concept was re-
vised: functional stability means the ability to use 
strength and endurance in a functional manner 
in all planes of movement, despite changes in the 
location of the body’s centre of gravity (COG).
It is worth mentioning that good postural control 
and core stabilisation, for both coach and athlete, 
can be identified with an impeccable technique in 
many cases. For example, a good swimmer uses 
water resistance to push off effectively and thus 
move efficiently. However, without proper stabi-
lisation of the trunk and glenohumeral joint, this 
same resistance could drive the shoulder into an 
unfavourable position. This would result in incor-
rect movement biomechanics, and as a consequ-
ence, the swimmer could injure a shoulder joint 
[2]. 
Therefore, in the author’s opinion, the safety of 
the movement and its efficiency are the most im-
portant factors in this context. Most often, in the 
initial phase of training, a lot of emphasis is pla-
ced on the technical skills of the particular sport 
discipline; certain actions that are elements of 
technique may involve muscles to an excessive 
degree or in a sequence that is not entirely cor-
rect. The result is a lack of movement fluidity and 
confidence, which requires much more effort 
than in the case of a more experienced athlete in 
the same sport [3, 4]. 
Professional athletes use only the muscles they 
need for a given performance. This allows them 

to perform specific activities longer, more pre-
cisely, more safely (without compensation) and 
without wasting unnecessary energy. Functional 
stabilisation improves technique by increasing 
the biomechanical efficiency of movement. It can 
also reduce the risk of injury by minimising over-
load on the structures concerned and providing 
appropriate control to perform the activity more 
safely. In a situation of lack or reduced joint sta-
bility, the force used to perform a given action is 
dispersed and not fully utilised. This phenome-
non is not observed when a given movement seg-
ment is stabilised, and the movement becomes 
more effective due to this. Therefore, the effect 
is adequate to the effort involved. Functional sta-
bility, as the ability to move or hold a given po-
sition in a safe, controlled and fully effective way, 
is extremely important in football as well [1, 5, 6].
Besier et al. [7] reported that multi-disciplinary 
athletes are injured because they are unable to 
control their balance and COG during sudden 
accelerations, decelerations and changes in mo-
vement directions. Football players often change 
direction and have to perform many movements 
while extremely unbalanced. A better control of 
the body provides the athlete with many advan-
tages; therefore, the interest in the topic of sta-
bilisation among managers and coaches of motor 
preparation is fully understandable. Many of the 
best football teams in the world pay special at-
tention to the elements of stabilisation training. 
As described previously, this helps to reduce the 
risk of injury, as well as increase efficiency during 
competition, which can undoubtedly determine 
the results of a single match, round or season.

Aims

The aim of this study was to examine the effect of 
training on unstable ground on dynamic stabili-
ty parameters assessed using the Y-Balance Test 
(YBT).
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Materials and Methods

The study was conducted among 16-year-old fo-
otball players of the ‘Zagłębie Sosnowiec’ club 
in Poland. Twenty-four players were randomly 
assigned to particular groups (n=12 to the study 

group and n=12 to the control group). The base-
line characteristics of the study subjects, such as 
body mass and height, are presented in Table 1.

Before the study began, the players, coaching 
staff and club authorities agreed to participate. 
They were also informed about the possibility 
of withdrawal at any time during its course and 
about the research objectives and methods that 
will be used.
Inclusion criteria: (1) 16-year-old players at the 
‘Zagłębie Sosnowiec’ club; (2) no serious injuries 
in the last 3 months; (3) the ability to perform 
all tests and exercises correctly; and (4) consent 
from the players, their legal guardians, coaches 
and the club authorities for the subjects to par-
ticipate in the study. Exclusion criteria: (1) player 
withdrawal from the study; (2) injury, illness or 
other conditions precluding further training or 
testing; and (3) absence from training sessions. 
Two players were excluded from the study gro-
up, while four players were excluded from the 
control group. The main reasons were injuries or 
player loans to other clubs (absence from training 
sessions and/or final tests).
The YBT was used as a research tool in this stu-
dy. This is a dynamic test which requires the test 

subject to have strength, flexibility and good co-
ordination. It allows for determining the risk of 
lower limb injury and detecting any chronic in-
stability of the ankle joint. The YBT can also re-
veal functional asymmetries between the left and 
right sides of the body and can be used to check 
the athlete’s preparation to return to sport after 
injury. 
Prior to the start of the study, all participants 
were introduced to the principles of the above 
test. An instructional demonstration was also 
performed to visualise the task. Each subject was 
given a pre-test of a motor task. The YBT was per-
formed with bare feet or socks. To conduct the 
YBT, a Y symbol was drawn on a flat floor using 
wide, non-transparent adhesive tape and tailor’s 
tape attached to it, maintaining the appropriate 
lengths of and the angles between the lines. Each 
line was labelled: anterior (A), posterolateral (PL), 
and posteromedial (PM). Figure 1 shows the line 
diagram for the Y– Balance Test when testing the 
right lower limb (A) and the left lower limb (B).

Subjects Age (years)

Body height (cm) Body mass (kg)

x Min
Max

SD x Min
Max

SD

Men
(n=24)

16 174.8 164
188

6.11 64.2 51.7
81.2

7.88

Table 1. A detailed characteristic of the study subjects.

Legend: n – number of participants, x – mean, SD – standard deviation, Min – minimum, Max – maximum.
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The angle between line A and both PM and PL was 
135°. In turn, the angle between PM and PL was 
90°. The length of each line was equal to 150 cm. 
The foot of the tested limb was placed in the mid-
dle of the Y symbol. The test was to reach as far as 
possible along each of the component lines with 
the toes of the other lower limb (unsupported). 
The test was marked as not completed or had to 
be repeated if: (1) the ‘touch’ was at the same time 
a transfer of body weight to the reaching lower 
limb, thus providing an additional point of sup-
port; (2) the foot of the standing limb separated 
from or slid across the floor; or (3) there was a 
loss of balance while reaching or returning to the 
starting position.
Each subject performed 3 repetitions of the test, 
and the best result was taken for analysis. The 
subject was allowed to rest in a standing position 
with both feet for up to 30 s after each test and up 
to 1 min after completing the entire test. A parti-
cipant could also voluntarily restart the test ear-

lier. The distances obtained were measured in cm 
directly during the test. Each time the test was 
completed, the results were read out and recor-
ded on test sheets. It is extremely important to 
note that each result was normalized by dividing 
the obtained score by the length of the lower limb 
measured from the anterior superior iliac spine 
to the lateral ankle.
The period of training on unstable ground for the 
study group lasted for 6 weeks, with 2 training 
sessions each (12 sessions in total), performed 
just before the standard football training. The 
control group received only football training. The 
following were used for core stability training: 
Swiss balls, sensomotoric discs, gymnastic lad-
ders, mattresses, hurdles and footballs. The exer-
cises were strictly defined and individualised to 
the subject’s possibilities, to be able to correctly 
perform each repetition without any compensa-
tion. The exercises ranged from their easiest form 
(difficulty level 1) to their hardest form (difficulty 

Figure 1. Y–Balance Test: line diagram for the right (A) and left lower limb (B).
Legend: A – anterior, PL – posterolateral, PM – posteromedial.
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level 3). The athlete could attempt to perform an 
exercise from a higher level if he performed the 
lower level correctly. Three of the four exercises 
were static, involving holding a particular body 
posture for a few seconds. The fourth exercise 
was dynamic in nature by using a football.
All data acquired were collected as a database in 
Statistica 10 (Dell Inc., Tulsa, USA). Descriptive 
statistics tools were used, and analysis of varian-
ce with repeated measures was performed. The 
statistical analyses used the standardised results 
for each trial (the A, PM and PL directions) and 
each lower limb separately. This means that the 
final result is closely related to the length of the 
test subject’s lower limb.

Results

The mean lower limb length was 95.8 ± 4.3 cm in 
the study group and 96.9 ± 2.9 cm in the control 
group. The mean results with standard deviations 
for both groups and each lower limb separately 
are shown in Table 2. A composite score (CS) was 
also calculated as the arithmetic mean of the 3 
standardised scores according to the formula: 

CS = (A + PM + PL) / 3

where the following symbols were used: 
A – anterior, 
PL – posterolateral, 
PM – posteromedial.

Right lower limb

Performed test
Control group Study group

1st test 2nd test 1st test 2nd test

A (x ± SD) 74 ± 5.5 75 ± 5.7 74 ± 4.9 76 ± 5.5

PM (x ± SD) 117 ± 6.1 119 ± 6.2 115 ± 6.8 124 ± 6.2

PL (x ± SD) 116 ± 5.7 117 ± 5.6 112 ± 6.8 120 ± 5.5

CS (x ± SD) 103 ± 4.96 104 ± 5.43 100 ± 5.10 107 ± 4.46

Left lower limb

Performed test
Control group Study group

1st test 2nd test 1st test 2nd test

A (x ± SD) 74 ± 4.6 75 ± 5.3 75 ± 4.5 77 ± 4.8

PM (x ± SD) 118 ± 6.3 120 ± 5.2 116 ± 8.9 124 ± 6.2

PL (x ± SD) 115 ± 5.7 116 ± 5.5 113 ± 7.6 121 ± 5.9

CS (x ± SD) 102 ± 4.69 104 ± 4.59 101 ± 5.06 108 ± 4.17

Table 2. Results from both comparison groups for the right and left lower limb.

Legend: A – anterior, PL – posterolateral, PM – posteromedial, CS – composite score, x – mean, SD – standard 
deviation.
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During the first test in the A direction with the 
left lower limb, there was no significant increase 
in the differences for the two groups. The study 
group presented a slightly lower level than the 
control group in the first test. The second test 
documented slightly better results for the study 
group, but the results were not statistically signi-
ficant (p>0.05).
During the first test in the A reach direction with 
the right lower limb, a statistically significant im-
provement in the study group was documented 
(p<0.05). The study group appeared to perform 
better than the control group in both tests. In 
the first test, the differences between the groups 
were very slight, with an advantage for the stu-
dy group. The second test showed a statistically 
significant increase in the distances reached by 
the study group (p<0.05), an effect not observed 
in the control group. In both the first and second 
tests, the control group remained at almost the 
same level.
In the test along the PM direction, statistically si-
gnificant differences were observed in the distan-
ces reached by the study group compared to the 
control group. In the first test, greater distances 
were reached by the control group, both for the 
right and left lower limb. The second test sho-
wed a statistically significant improvement for 
the study group (p<0.05) for both lower limbs in 
comparison to the previous results. There were 
also better results for the study group than for 
the control group.
The last of the 3 tests was along the PL direction. 
In the first test, the control group achieved bet-
ter results than the study group for both limbs. In 
the second test, a statistically significant incre-
ase in the distances achieved by the study gro-
up was observed compared to the previous test 
(p<0.05), for both lower limbs. There were also 
better results in the study group for both lower 
limbs compared to the control group.

Discussion

The positive effect of stabilisation training obta-
ined in this study is confirmed by previous rese-

arch reports of YBT distances increasing after a 
training period that included stabilisation exerci-
ses. In 2010, Filipa et al. [8] observed an increase 
in CS parameter on the Star Excursion Balance 
Test (SEBT) in the study group, which performed 
stabilisation exercises alternated with strength 
exercises (e.g., barbell squats, jumping jacks, 
forward bridges and others using unstable gro-
und) for 8 weeks. Similarly to our study, the con-
trol group remained at a similar level in both tests 
in terms of the sum of all 3 scores for both lower 
limbs (CS). In contrast, the study group achieved 
a statistically significant improvement (p<0.03) 
when comparing pre- and post-training results. 
It is interesting how much strength training alo-
ne, without any elements of unstable ground, can 
affect YBT results. 
Another study by Colado et al. [9] revealed a signi-
ficant advantage in terms of the degree of trunk 
muscle recruitment for the deadlift with load 
compared to other types of popular exercises, 
some of which on unstable ground. Perhaps fu-
ture studies will pay more attention to this issue 
and investigate whether strength training, inclu-
ding exercises such as deadlifts or barbell squats, 
has a significant effect on dynamic stability.
Nevertheless, the results noted in this work sho-
uld be treated with some caution. The study gro-
up was relatively small to provide solid scientific 
evidence, so further studies on a larger popula-
tion are recommended. At the same time, over 
the last few years, research papers have focused 
on the ambiguous effect of exercise on unstable 
ground on dynamic stability. Some have repor-
ted no significant difference between training 
on unstable ground vs. standard training. In the 
study cited above, the only differentiating ele-
ment was the use of unstable ground in the study 
group, which, as it turned out, did not bring any 
significant changes in the results of functional 
tests (SEBT) [10]. Importantly, the differentiation 
of study groups by age, gender and type of sport 
may be valid in this case and affect the effective-
ness of training on unstable ground.
Nowadays, in the field of sports all over the world, 
it is very easy to notice that it often takes extreme 
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efforts to join the elite. Very high training loads, 
which are supposed to lead an athlete to achie-
ve outstanding results in a particular discipline, 
often result in various types of injuries. Analysing 
the findings presented in this paper and those 
of other researchers, it seems reasonable to im-
plement stabilisation exercises as a kind of pre-
vention from various sports injuries. Increasing 
the level of dynamic stability reduces the risk of 
injury and gives the athlete better body control. 
In addition, in pre-season, it seems advisable to 
perform the YBT, which can provide an early in-
dication of possible functional deficits. This test 
also allows to efficiently monitor the progress of 

rehabilitation if an injury occurs. An additional 
advantage of the YBT is that it is an easy and hi-
ghly reliable methodology, which has been exten-
sively studied and is highly demanded nowadays.

Conclusions

Core stability training on unstable ground im-
proves the results obtained in the YBT for the ri-
ght lower limb in the PM and PL directions and 
for the left lower limb in the A, PM and PL reach 
directions. There were no significant differences 
(asymmetries) in the A and CS distances between 
the right and left lower limbs for either the study 
or control group. 
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