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Abstract

The aim of this work was to gain and broaden the knowledge about muscle imbalance in first
year high school students and to determine the impact of compensational program on the changes
in muscle imbalance. The file was comprised of 49 students from two classes aged 15 to 16 years.
The classes were randomly divided into an experimental (n=25) and control (n=24) file and be-
came a subject of a double-group concurrently ongoing experiment. We examined the students
with functional tests to identify tightened and weakened muscles and abnormal motion patterns.
The examination included tests of motion capabilities as well. By means of input measurements
we have observed a high frequency of muscle imbalance in the entire file of students. An experi-
mental element — the compensational exercises were incorporated into the physical education clas-
ses of the experimental file for a time period of 9 months. The compensation exercises consisted
mainly of stretching exercises, exercises aimed at the activation and strengthening of the core
muscles, stabilizing exercises and functional exercises. The experimental element also included
theoretical blocks. We have not observed statistic changes in the individual parts of muscle imbal-
ance in the output measurements of the control file. Statistically significant changes (p<0,01),
(p<0,05) occurred in the experimental file in a majority of cases and compensation exercises had
a great impact on the decreasing of incidence of the individual disorders.

Keywords: muscle imbalance, compensation exercises, school physical education, possibili-
ties of influencing muscle imbalance, functional disorders, motion apparatus

Introduction

The theme of insufficient movement activity and its potential negative im-
pact, which is unfortunately very common nowadays, has been frequently dis-
cussed in both scientific and unscientific spheres over the course of the recent
years. One of the mentioned negative impacts is the muscle imbalance. Muscle
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imbalance and functional dysfunctions of the movement apparatus are along
with obesity a frequent problem occurring even to the youngest students. These
troubles often continue during the entire study and until adultness. In the worst
scenario, such disorders may turn into a significant health handicap in the ma-
turity or even at an earlier age. Thurzova [22] defines the muscle imbalance as
a disorder in the function of muscle balance and as a disorder in the equality of
force which is applied to a relevant joint. It is an imbalance in the system of ton-
ic (postural) and fazic muscles. We consider it the most relevant cause of the
chronic pain of the movement apparatus and of spinal disorders. It negatively af-
fects the body posture, muscle coordination, increases predisposition for injuries
and restricts the range of movement in the joints [2].

The causes of muscle imbalance according to Lewit [17]:

hypo kinesis — insufficient burdening of the muscle system

chronic burdening above the border given by the quality of muscle
asymmetric burdening without sufficient compensation

the change of a movement pattern e.g. under the influence of an injury or
illness

Investigation dedicated to the muscle imbalance is a subject of works of
a number of authors [3, 4, 5, 7, 8, 12, 13, 14, 16, 17, 20, 21, 22 i.e.] both from
Slovakia and abroad. The results of these works were approximately matching —
they proved a large incidence of muscle imbalance in all age categories of popu-
lation actively sporting as well as at the rest of it. Our research was dedicated to
the inquiry of the impact of compensation exercises on the improvement of mus-
cle imbalance. The compensation exercises were applied to students during the
physical education classes.

el S

Aim

The objective and purpose of this study is to broaden the knowledge about
muscle imbalance and about the possibilities of its improvement by the compen-
sation exercises applied to 15-year-old students during the physical education
classes.

Research question

What will be the impact of the physical education classes modified by the
compensation exercises on the changes of the muscle imbalance?
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Methods

The experimental element was composed of compensation exercises which
were included into the content of physical education classes of the experimental
file of students. The compensation exercises themselves were performed gener-
ally in the beginning and at the end of each physical education class — 2 times
a week. Except for the physical education classes the compensation exercises
were applied during a block of 5 classes in each semester, which were created
for the purpose of our research. These classes were dedicated solely to the com-
pensation exercises. The complexity of exercises was gradually increased ac-
cording to the accomplished progress. In the beginning, exercises using just the
own body weight were applied only in the elementary positions. After achieving
progress in the basic — elementary positions we have added a number of tradi-
tional exercise equipment according to the nature of each kind of exercise. The
exercise utensils included long-established instruments such as medicine ball,
gymnastics instruments i.e. as well as more modern ones such as: TRX, fit balls,
over balls, expanders, and balance instruments, bosu, i.e. which contributed to
the attractiveness of exercise.

The exercises were aimed at:

— stretching — static, dynamic, PNF and PIR

— relaxing exercises, relaxing techniques, breathing exercises

— strengthening exercises — functional training, stabilizing, balancing, gymnas-
tic, exercises, exercises focused on the body center “core”

The inquiry of muscle imbalance was performed by the method which can
be found mainly in the works of a number of authors [9, 15, 18]. We have tested
the length of 9 muscles with the tendency to tighten and 5 muscles resp. groups
of muscles with the tendency to grow weaker. Further, we have inquired the
quality of 5 movement patterns.

The differences and changes in the muscle imbalance were compared by
means of the chi — square statistic. The subject matter and practical significance
was estimated via Effect size. We used the significance level p<0,05 to p<0,10.
Data were processed in Microsoft Excel.

Results

The results of our research confirmed a high incidence of muscle imbalance
among the age category of tested students, i.e. 15 years old. We have detected
muscle imbalance in 94% of the tested file of students. A high incidence was de-
tected in all branches of muscle imbalance which we have inquired (tightened
muscles, weakened muscles, broken movement patterns).
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The output measurement has shown that our experimental element — com-
pensation exercises — have considerably influenced the individual branches of
muscle imbalance. We have succeeded in reducing the incidence of muscle im-
balance from 100% to 88% in the experimental group.

Concerning the tightened muscles (Picture 1) we have detected a decrease of
muscle imbalance among all the inquired muscles. The changes weren’t statisti-
cally significant only in m. rectus femoris on the right side. The changes were
detected on the level of (p<0,01) and (p<0,05) of the statistical significance.
The results were confirmed by the high value of “Effect size” (ES). The positive
effect of the experiment was highlighted by the fact that during output measure-
ment we have not detected any muscle with considerable tightness. The most
frequently tightened muscle at the beginning of the experiment was the m.
iliopsoas, however at the end of the experiment it was the m. rectus femoris.

The results of our research as well as the findings of other authors confirm
the positive effect of compensation exercises on tightened muscles. Stretching
exercises have a direct — positive impact on the tightened muscles, however they
must be aimed at concrete muscle groups and they must be performed with the
use of an appropriate technique and with sufficient frequency.

B deviation 3 pre @ deviation 2 pre Mnorm pre M deviation 3 post @ deviation 2 post @ norm post

m. iliopsoas; Chi: 11,765; p value: 0,001; ES: 1,11

m. rectus femoris; Chi: 2,565; p value: 0,11; ES: 0,465

m. tenzor FL; Chi: 6,25; p value: 0,013; ES: 0,756

m. ischiocrulares; Chi: 21,93; p value: 0,001; ES: 1,768

™

mm. pectorales; Chi: 12,699; p value: 0,001; ES: 1,167

m. trapezius; Chi: 12,699; p value: 0,001; ES: 1,167

mm. paravertebrale;Chi: 4; p value: 0,046; ES: 0,59

m. quadratuls lum.; Chi: 13,637; p value: 0,001; ES: 1,225

m. triceps surae; Chi: 16; p value: 0,001; ES: 1,372

Picture 1. The ratio of incidence of tightened muscles on the left side — experimental group input
(pre) and output (post) measurement

We have detected a decrease of muscle imbalance when testing all tightened
muscles (picture 2). We have not detected a statistically significant change only
in the inquiry of the lower stabilizers of scapula. The notably positive effect of
our program was confirmed by a high value of the Effect Size. In all cases, the
change was confirmed on 1% level of statistical significance (p<0,01).
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B deviation 3 pre B deviation 2 pre Onorm pre Odeviation 3 post B deviation 2 post Enorm post

neck and head flexores; Chi: 21,93; p value: 0,001; CS:
1,768

mm. abdominales; Chi: 64; p value: 0,001; ES: 1,55

m. gluteus; Chi: 9,008; p value: 0,003; ES: 0,938

WM

hip abduccores; Chi: 14,036; p value: 0,001; ES: 1,25

lower stabilizers of the scapula;Chi: 1,655; p value: 0,199;
ES: 0,37

Picture 2. The ratio of incidence of weakened muscles on the right side — experimental group in-
put (pre) and output (post) measurement

During the investigation of weakened muscles in the output measurement we
have not detected a muscle which would be marked by degree “3”, which in the
terminology of weakened muscles means major weakness. The slightest im-
provement was recognized in testing the lower stabilizers of scapula; however
the greatest improvement — strengthening was detected at the abdominal mus-
cles. We have paid an advanced attention to the abdominal muscles in consent
with the entire “core” complex of our program.

Positive changes in the incidence of disturbed muscle patterns were detected
in testing each pattern (picture 3). Statistically significant changes were con-
firmed in the pattern of sitting down (p<0,01) and at the extension of the lumbar
joint (p<0,05).

B deviation 3 pre W deviation 2 pre Onorm pre Odeviation 3 post Mdeviation 2 post M norm post

[
[ o | |

hip extension; Chi: 2,667; p value: 0,103; ES: 0,475 _ 11 | 15 -
[ o [ w0 |

Picture 3. The ratio of incidence of disturbed patterns on the right side — experimental files input
(pre) and output (post) measurement.

neck and head flexion; Chi: 0,65; pvalue: 0,421; ES: 0,23

sitting down; Chi: 8,507; p value: 0,004; ES: 0,906

WP

push up; Chi: 0,667; p value: 0,415; E5: 0,233

From the point of view of correction of the functional defects, the restitution
of a disturbed movement pattern is considered the most complicated and at the
same time the most important one. Over all we can state that the aimed integra-
tion of compensation program into the physical education classes have reduced
the incidence of this defect in the experimental file, however a statistically sig-
nificant change was not detected in all movement patterns. The most noticeably
improved pattern was the pattern of sitting down. This fact is probably related to
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the abdominal muscles which we have succeeded in strengthening at the majori-
ty of students. We have also accomplished to engage the abdominal muscles into
the movement patterns of students in a correct movement pattern.

In the control file, where the experimental element was not present, we have
not detected any improvement in the incidence of muscle imbalance. In testing
the tightened muscles (picture 4) we have even noticed an increase of occurrence
of this defect. In testing of the weakened and disturbed patterns we have ob-
served a slight improvement, which however was not statistically significant.

B deviation 3 pre B deviation 2 pre Onorm pre Odeviation 3 post Mdeviation 2 post M norm post

m. iliopsoas; Chi: 0,059; p value: 0,809; ES: 0,077

m. rectus femoris; Chi: 0,1; p value: 0,752; ES: 0,108

m. tenzor FL; Chi: 0,084; p value: 0,773; ES: 0,098

m. ischiocrulares; Chi: 1,816; p value: 0,178; ES: 0,397

E mm. pectorales; Chi: 2,743; p value: 0,098; ES: 0,493

m. trapezius; Chi: 2,743; p value: 0,098; ES: 0,493

mm. paravertebrale;Chi: 0,667; p value: 0,415; ES: 0,238

m. quadratuls lum.; Chi: 0,364; p value: 0,547; ES: 0,212

m. triceps surae; Chi: 1; p value: 0,318; ES: 0,339

Picture 4. The ratio of incidence of tightened muscles on the left side — the control files input (pre)
and output (post) measurement

Conclusions

The integration of compensation exercises into the physical education clas-
ses had a significant impact on the incidence of muscle imbalance in the experi-
mental file in comparison to the input measurement as well as in comparison to
the control file. The muscle imbalance is according to a number of authors a de-
fect which often results into serious health complications and limitations. The
search for the possibilities of prevention of the muscle imbalance and the pre-
vention of all functional defects of the movement apparatus is nowadays becom-
ing more and more up to date.

On the bassis of the works of other authors as well as of the results of our re-
search we can state that the integration of compensation exercises into the clas-
ses of physical education is helpful in reducing the incidence of individual de-
fects related to the muscle imbalance. However, an effective compensation pro-



The Impact of Compensation Exercises... 157

gram demands an active cooperation between the teacher and the student, with-
out such cooperation no positive results can be achieved.

For the compensation program to be effective, it must be performed by
a pedagogue who is well — educated in the relevant field. Another important
condition of success is the motivation of students. In our program we have
proved the effectiveness of theoretical blocks in the form of presentations, which
were dedicated to the risks related to the functional defects of the movement ap-
paratus, unhealthy life style and to the theory of compensation exercises. Anoth-
er motivation element was the variety of used equipment and tools. Compensa-
tion exercises may often be boring and monotonous and therefore it may be dif-
ficult to focus the attention of students — mainly the younger ones. However, at-
tention is the key factor in performing all compensation exercises. The diversity
and attractiveness of compensation exercises in our program was secured by the
use of various tools and utensils and by using different stretching and strength-
ening techniques and exercises which we have previously presented to the stu-
dents during the theoretical blocks.

We recommend solving the problem of muscle imbalance complexly due to
the fact that the muscular system always works as a functional unit. This mecha-
nism works through individual muscle chains and loops and it is frequently the
main reason for a defect to have a number of “triggers”. It is also common that
the reason for a defect is located in a completely different body segment than its
effects are displayed in. The exercises aimed at the activation and strengthening
of the body core in combination with the philosophy of the functional training
have proved to be effective and we consider them to be the compulsory compo-
nent of the compensation exercises. We recommend integrating the compensa-
tion exercises into the classes of physical education of all age groups of students
instead of exercises which are aimed at isolated muscle groups and work solely
with the surface muscles.
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Streszczenie

Wplyw ¢éwiczen kompensacyjnych na brak réwnowagi mig§niowej
u 15-latkéw

Celem pracy bylo zdobycie i poszerzenie wiedzy na temat nierownowagi migsniowej
u uczniow pierwszej klasy szkoty $redniej oraz okreslenie wptywu, jaki wywiera program kom-
pensacyjny na zmiany nierownowagi migéniowej. Badana grupa skladala si¢ z 49 uczniéw
z dwoch klas w wieku od 15 do 16 roku zycia. Klasy podzielono losowo na do§wiadczalna grupg
(n = 25) i kontrolng grupe (n = 24), ktoére staty si¢ przedmiotem badan w jednoczesnie trwajacym
eksperymencie. Uczniéw poddano probie testow funkcjonalnych w celu zidentyfikowania skroco-
nych i ostabionych mig$ni oraz patologicznych stereotypéw ruchowych. Badania zawieraly testy
dotyczace mozliwosci ruchu, a za pomoca pomiarow wejsciowych zaobserwowaliSmy wysoka
czgstotliwos¢ nierownowagi migsni w catej grupie ucznidw. Komponent eksperymentalny — ¢wi-
czenia kompensacyjne wprowadzono do zaje¢ wychowania fizycznego w badanej grupie na okres
9 miesigcy. Cwiczenia kompensacyjne — skladaty si¢ gtownie z éwiczen rozciagajacych, majacych
na celu aktywizacje i wzmocnienie migsni tutowia, ¢wiczenia stabilizujace i ¢wiczenia funkcjo-
nalne. Komponent eksperymentalny obejmowat rowniez bloki teoretyczne. Nie zaobserwowano
zmian statystycznych w poszczegdlnych grupach kontrolnych dotyczacych braku rownowagi mig-
$niowej. Statystycznie znaczace zmiany (p<0,01) (p<0,05) wystgpowaty w wigkszosci przypad-
koéw i1 ¢wiczenia kompensacyjne mialy wigkszy wpltyw na zmniejszenie czgstosci wystgpowania
poszczegdlnych zaburzen.

Stowa kluczowe: zaburzenia rOwnowagi migsniowej, ¢wiczenia kompensacyjne, szkota wy-
chowania fizycznego, mozliwosci wplywania na rownowagg mig$niowa, zaburzenia czynnoscio-
we, aparaty ruchu.



