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ARTICLE INFO ABSTRACT

Objectives: This study aims to determine the correlations between the muscle strengths of the trunk
and the balance in handball players.

Methods: We tested forty-one female athletes divided in three age groups. Ten subjects were 16
years old, seventeen subjects were 14 years old and fourteen subjects were 12 years old. We measured
the weight, muscle strengths of the trunk (frontal and sagittal) and the overall balance. For the twenty-
four correlations between these variables by age group, the values of r were between 0% and 0.57%.
Conclusions: In the 16-year-olds weight is not a determining factor for maintaining the balance, as
the somatosensory, visual and vestibular systems being sufficiently developed. Instead, in the 14-
year-olds and in the 12-year-olds, weight is significant for maintaining the balance. These conclusions
must be accepted with caution as they only target this group of subjects.
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In volleyball, basketball or handball, jumping is an important
part of the technical execution. Landings in a more stable
position, ease the start of the next move, prevent injuries and
ensure the performance of the game. Holm et al., studied in
2004 the effects of a neuromuscular training on the
development of muscle strengths in elite handball players.
Because we have developed a method and a device for
assessing the imbalances of the trunk muscles (Stan et al.,
Patent, 2010) presented in (Marcu et al., 2008), we aim to
investigate the correlations between the values of the muscle
strengths of the trunk and the balance, in handball players. Can
we find objective data on how the muscular force distributed in
the frontal and sagittal plane of the trunk influences the
balance of the body? How is the balance influenced by the
differences between force plans (anterior-posterior and left-
right)? Which strength plan has the greatest contribution to
maintaining balance?

INTRODUCTION

Balance assessment and variables that can influence body’s
stability have always been a concern for researchers. There is a
permanent interest in external variables that may influence
postural control, in addition to internal mechanism
(somatosensory, visual and vestibular systems). Therefore,
variables such as weight, sex, height, or a certain sport
practiced by the test subjects were tested and some conclusions
were reached (Grigg, 1994; Balter et al., 2004). The influence
of the body’s balance assessment during the execution of some
technical procedures in different sports disciplines is
constantly studied to improve the training of athletes. (Paillard,
2002, Davlin, 2004, Shaw et al., 2008, Boccolini et al., 2013).
They were studied various relationships between the balance
and the risk of injury in sports; with the conclusion that a
permanent balance assessment is needed as a prevention and
recovery strategy for injuries (Emery, 2003, Bastiurea et al.,
2014 Tt has been found that motor skills to improve balance are
increasing with the development of muscle strengths
(Hrysomallis, 2011). The specialists recommend the use of
unstable platforms to develop balance and muscle strengths in
ankle, knee and hip movements (Kean et al, 2006).

MATERIALS AND METHODS

Subjects: We tested forty-one female athletes divided in three
age groups. Ten subjects were 16 years old, seventeen subjects
were 14 years old and fourteen subjects were 12 years old.

*Corresponding author: Bastiurea Eugen,

Professor, Laboratory of Motor and Somato-Functional Assessment,
Department of Sports Games and Physical Education, Faculty of
Physical Education and Sport,”Dunarea de Jos” University of Galati,
Romania.

Please note that we tested only perfectly healthy athletes who
were able to perform the tests correctly and with maximum
efficiency.
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Testing: We measured the weight, muscle strengths of the
trunk (frontal and sagittal) by assessing the overall balance The
Overall Balance Test (SDG - Spielman-De Gunsch) was
carried out with a proprioceptive platform LIBRA PLUS under
the Easytech platform at SC NEW Multimedica SRL Galati.
(De Gunsch et al., 2017).The subjects performed the "fixed
point" test, maintaining the balance on the plate for 30
seconds. The evaluation scale for this test is the following:
optimal (9-11), good (11-12), satisfactory (12-13), weak (13-
14) and very poor (14-16). Example: a very poor result for a
14-year-old athlete (Figure 1), the value being far away from
the weakest requirements (21.5), a very good initial result for a
16-year-old athlete (Figure 2) with a value of 7.1, and a record
of 3.1 points after three months. DOMIN (dominance) is the
direction to which the subject was more unbalanced.

Date of birth 14/10/2002 Dominant side Right
Weight 82.0 Accident date
Height 164
BhI 234  (Normal)

Esercise n® 1
Bste 300772016
Time 08:03
Tot area FUL [sec] 67.3194.2
Ext area RAL [Fsec] 1.6/6.0
Ext. fime RAL foed] 14724
Recovery time RAL [sec] 0.2/0.5
Performance 215
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Fig. 1. Very poor result in SDG test

Date of birth 16/02,2000 Dominant side Left
Weight 60.0 Accident date
Height 167
BMI 215  (Normal)
Esercise n® 1 Esercisen® 2 Difference:
Date 01/08/2016 0611212016
Time 08:41 10:48
Tot. area RAL [Fsec] 21.8/35.0 20.1/24.3 21
Ext ares RAL [*sec] 0.0/0.0 0.0i0.0 oo
Ext. fime RUL fseq] 0.0/0.0 0.00.0 010
Recovery time RAL fsec] 0.0/0.0 0.0/0.0 00
Performance 74 a7 34
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Fig. 2.Very good result in the SDG test

Testing of the muscular force of the trunk

For all subjects, we performed eight tests using a method and
apparatus patented in Romania (Stan 2009): testing of the

muscular strengths on flexion, from seated position (T1);
testing of the muscle strengths on the left lateral tilt, from the
seated position (T2); testing of the muscle strengths on
extension from the seated position (T3); testing of the muscle
strengths on right lateral tilt from the seated position (T4);
testing of the muscle strengths on flexion, in orthostatism (T5);
testing of the muscle strengths on left lateral tilt, in
orthostatism (T6); testing of the muscle strengths on extension
in orthostatism (T7); testing of the muscle strengths on right
lateral tilt, in orthostatism (T8). The final results are
graphically represented in Fig. 3. With the testing values
obtained with this device, we calculated the strengths indexes
for the anterior, posterior and lateral side of the trunk (Stan et
al., 2016) detailed in Table 1.
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Figure 3. The graph muscle imbalances presented in
coronal and sagittal plane

Table 1. Abbreviations used for the proposed muscle strengths

indexes
Abbreviations  The description of the strengths proposed indexes
IFTSA The average of the T1 and TS5 test values based on
weight (muscle strengths measured on the front of
the trunk)
IFTSP The average of T3 and T7 test values relative to
weight (muscle strengths measured on the back of
the trunk without T9)
IFTFS The average of T2 and T6 test values based on
weight (muscle strengths measured on the left side
of the trunk)
IFTFD The average of T4 and T8 test values based on
weight (muscle strengths measured on the right side
of the trunk)
IGFT The mean T1-T8 test values relative to weight (total
trunk’s muscle strengths measured without T9)
Data Analysis
We were processing the collected data using SPSS v. 20 for
Windows. The twenty-four correlations between these

variables, by age group, have r values between 0% and 0.57%.
The confidence coefficient for statistical significance is 95%.
Table 2 shows the test results for the 16-year-olds with r
values between 0% and 0.48%. Table 3 shows the results of
the tests for the 14-years-olds, with values of the r between 0%
and 0.49%. Table 4 shows the results of the tests for the 12-
years-olds, with values of the r between 0% and 0.43%

RESULTS

In the 16-year-olds, the weight has no influence over the
balance values. In the sagittal plane, the correlation for the
anterior muscles and SDG is negative (r = -0.37%).
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Table 2. Balance and muscle strength assessment for 16-year-olds

Z < B A< w a An o

) S »ne o=y Ly I L
2 8 % ° E2 EZ EE EZ E2 fE cé2
1 7.3 St. 46.5 51.61 67.74 16.13 43.01 4946 645 52.96
2 19 Dr. 44,6 33.63 71.75 38.12 3587 37.00 1.13 44.56
3 144  Dr. 745 4497 51.68 6.71 33.56 3423 0.67 41.11
4 7.7 Dr. 50 50.00 82.00 32 46.00 39.00 -7 54.25
5 16.1 Dr. 573 4887 4887 O 3490 36.65 1.75 42.32
6 16.5 Dr. 51.5 44.66 46.60 194 32.04 30.10 194 38.35
7 7.1 St. 60.4 5215 7699 2484 4305 47.19 4.14 54.84
8 11.9 St. 63 38.80 5238 1349 3254 3492 238 39.68
9 9.1 Dr. 56 3036 37.50 7.14 25.00 27.68 2.68 30.13
10 11.6  Dr. 58 46.55 5198 543 39.66 4483 5.17 45.75

Correl (%) 0 037 033

-0.15  -0.44 -048 O -0.44

Table 3 - Balance and muscle strength assessment for 14-year-olds

Nr
SDG
DOMIN
G
IFTSA
(kgf)
IFTSP
(kgf)

IFTSP-
IFTSA
IFTFS
(kgf)
IFTFD
(kgf)
IFTFD-
IFTFS

15.1  St. 60 29.17  49.17
8.9 St. 59 38.14  59.32

159 St 41 4390 5854
St. 503 49.70 72.56
12.1 St. 87.7 2851 5245
11.8 St. 475 4737 5053
7.7 Dr. 505 5149 6337
7.8 St. 69 40.58  49.28
10 203 St 49 46.94  53.06
11 13 Dr. 42 46.43  66.67
12 215 Dr. 63 34.13  43.65
13 11.1 Dr. 60 40.00 59.17
14 127 St 41 48.78  51.22
15 117 Dr. 60 49.17  47.50
16 11,5 Dr. 44 51.14  63.64
17 125 Dr. 60 49.17  55.00
Correl (%) 037 -049 0
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20 36.67 3833 1.66 38.33
21.18 3475 3559 0.84 41.95
16.88 5195 4545 -6.5 59.09
14.64 4146 4268 1.22 46.65
2286 47.71 50.70 299 55.17
23.94 33.07 3022 -2.85 36.06
3.16 40.00 3474 -5.26 43.16
11.88 46.53 4158 -495 50.74
8.7 36.96 3841 145 41.30
6.12 40.82 38.78 -2.04 44.90
20.24 50.00 51.19 1.19 53.57
9.52 3095 30.16 -0.79  34.72
19.17 2750 31.67 4.17 39.58
2.44 3415 53.66 19.51 46.95
-1.67  40.83 39.17 -1.66 44.17
12.5 4886 42.05 -6.81 51.42
5.83 40.83 3583 -5 45.21
0.57 -0.15  -0.24  -0.1 -0.2

Table 4. Balance and muscle strength assessment for 12-year-olds

Z < o < %] =) A\ ©n

. @ S| e B Su EE =28 BE Eg
# 8 g ° EZ B2 EE E2 ES EE &2
1 16.8 st 51 4020 56.86 16.66 43.00 2843 -14.57 3897
2 17 st 33 5455 5152 -3.03 4848 4394 -454  49.62
3 122 dr 50 46.00 57.00 11 42.00 44.00 2 47.25
4 11.4 dr 54 4352  51.85 833 3426 3519 093 41.20
5 17.3 st 44 2727 3750 1023 25.00 26.14 1.14 28.98
6 103 st 38 63.16 75.00 11.84 38.16 3553 -2.63 52.96
7 9.3 st 44 4091 5455 13.64 38.64 39.77 1.13 43.47
8 145 st 47 4894 60.64 11.7 4468 46.81 2.13 50.27
9 7.6 st 50.5 4257 5149 892 31.68 35.64 3.96 40.35

12 127 st 31 3548 48.39
13 182 st 29 4138 5345
14 121 st 55 5818 61.82
Correl (%) 043 -02 0

For the posterior muscles and SDF, the correlation is positive
(r = 0.33%). The difference between the two force plans has a
poor correlation with SDG (r = -0.15%). In the frontal right
plan, the correlation value with SDG is higher (r = -0.24%) and
with IGFT, r = -0.44%.

In the 14-year-olds, the weight is affecting the balance
(0.37%). In the sagittal plane, there is the strongest relationship
between SDG and the difference between the posterior and the
anterior force index (r = 0.57). In the frontal plan, the value of
r on the right side is higher (r = -0.48%) and with IGFT, almost
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non-existent (r = -0.02%). In the 12-year-olds the weight has
the greatest influence on the balance values (r = -0.43%). In
the sagittal and frontal plane, there is no correlation between
the SDG and the force indices.

DISCUSSION

There is an interesting correlation between SDG and plantar
fingerprint values by the baropodometry test (Stan et al.,
2016), also to see to what extent the projection of weight over
the plant influences the balance. Studies in younger subjects
are rarer, but Cambier in 2001, did for the four-year-olds and
for the five-year-olds a study to set specific values for this age.
In the 12-year-olds, the weight center balance determines the
balance of the body. The influence of age over balance has
been studied since 1993 by Hytonen who demonstrated that the
50-year-olds were the most stable due to the development of
proprioception over the postural balance, fact confirmed by our
study due to differences in correlation values, depending on
age.

Conclusion

In thel6-year-olds, there is a better balance provided by a
lower muscular strengths on the anterior and by a larger one on
the posterior of the body. The development of dorsal muscles
has a significant influence on the stabilization of the posture of
the body when performing the movements. In the 14-years-
olds, the importance of developing muscular growth over the
body's balance is clearly seen. The fact that most athletes have
the right arm as skilful has led to a tendency to correct the
body's balance with the muscles on its side. In the 16-year-olds
weight is not a determining factor in maintaining the balance,
somatosensory, visual and vestibular systems Dbeing
sufficiently developed. Instead, in the 14-years-olds and in the
12-years-olds, the weight is significant in maintaining the
balance. In these cases, the posture is maintained due to the
movement of the centre of gravity above the support area.
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