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Evaluation of muscular stabilization ability
during a static wor kout

MICHAL STANISZEWSKI*, CZESEAW URBANIK, TADEUSZ STANISZEWSKI

Josef Pilsudski University of Physical Education in Warsaw, Poland.

The aim of this research was to determine the moving and stabilizing functions of selected groups of muscles during the process of
static workout. 15 students of the Academy of Physical Education were tested in non-competitive training. Muscular torques achieved
during flexing and extending big limb joints were used as the determinant of force. Comparative analysis of torque values achieved in
passive stabilization (with support) and muscular stabilization (without support) in elbow and knee joints was carried out. The value of
the force applied to the passively stabilizing element in a given measurement during the flexion of elbow and the extension of knee joint
was tested. The results of these tests allowed us to learn the value of muscular torques and — after statistical analysis — the relationship

between them in particular functions.
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1. Introduction

Because of the way they work, skeletal muscles
perform moving and stabilizing functions. The former
relate to the components of muscular forces affecting
a degree of freedom within joints under the influence
of all the forces independent of nervous system, i.e.
any external forces in relation to kinetic apparatus,
inertia forces and passive forces of stretching tissue.
Stabilizing functions perform those components of
muscular forces, which are counterbalanced by the
agonists’ muscle torques, i.e. the forces dependent on
nervous system. Muscles or their parts are involved in
the whole process of muscular stabilization by fulfill-
ing stabilizing functions. This process means the im-
position of active, muscular bonds on the presently
unused degrees of freedom which are indispensable to
any conscious human motor function [1].

The majority of the degrees of freedom in kinetic
apparatus are not involved in normal human motor
activity. Each technique of a given movement is ef-

fective, provided that the force involved has the opti-
mum value, is applied at a defined point and acts in
a precisely determined direction. Those conditions can
be fulfilled only if the movement in certain joints is
blocked, while a conjugate movement in desired joints
is allowed. This means that imposing and releasing
bonds in relation to the degrees of freedom in agree-
ment with a planned movement define the control of
a biomechanism. Joints have passive bonds in the
form of ligaments and articular capsules and active
ones in the form of muscles activated by nervous sys-
tem. The imposition of active bonds is a dynamic proc-
ess and an indispensable condition of the cooperation
of muscle forces with the forces of external habitat.
The blockade of the degrees of freedom not required
at a given time becomes a vital condition in achieving
any human movement. Any task can be performed
only if muscular stabilization becomes an effect of
intentional and coordinated action of nervous and
kinetic systems. The effect of coordination must be
a selective and synchronized activation of single mus-
cles fulfilling stabilizing functions.
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The process of muscular stabilization runs along
with the kinetic functions, i.e. the movement at a re-
quired number of the degrees of freedom. The number
of stabilizing functions in any movement are limited.
The lower the number of stabilizing functions, the
higher the economy of a movement technique and the
efficiency of bodily energy at the same time. Effective
and highly efficient muscular stabilization could be
one of the factors determining the quality of kinetic
task [2], [3].

In most sport activities, the stabilizing functions
are performed by muscle force. During research, espe-
cially under laboratory conditions, passive stabilizing is
used [4]-[10] in order to eliminate muscle forces af-
fecting considerably a kinetic function. Moreover,
passive stabilization limits technique contribution to
the resulting measurement.

It is difficult to arrive at a univocal answer con-
firming that passive stabilization increases the mus-
cular ability in a stabilized joint. There is no proof for
the correlation between muscle torque in flexors and
extensors in a joint and the torque of muscle groups
fulfilling the stabilizing function. The purpose of this
study was to establish moving and stabilizing func-
tions for the selected muscle groups during a static
workout.

In the study, the following requirements had to
be met:

e all the tests performed in accordance with the
rules of measuring a muscle torque in static and stan-
dard angle positions in joints,

o the measurements for elbow and knee joint flex-
ors and extensors carried out under conditions of their
passive or active stabilization,

o the same conditions for all examinations,

e the measuring error not greater than 3%.

Hypothesis was based on the research, and the as-
sumptions accepted was as follows: passive stabiliza-
tion during measurement of muscle torque under static
conditions increases the strength ability of the muscle
groups tested.

2. Material and methods

The method used allowed us to establish the value
of muscle torque in selected functions (flexing, ex-
tending) in human limb joints and to create the force
topography of working muscle groups in relation to
passive or active muscle stabilization.

Passive stabilization consisted in the measurement
of muscle torque of all muscle groups tested (flexors

and extensors of elbow, shoulder, knee and hip joints).
Immobilizing supports and bands were used for adja-
cent body parts. For example, while measuring a pas-
sive stabilization of flexors and extensors of elbow
joint (figure la), the arm was stabilized by support,
and bands and frame stabilized shoulder girdle and
trunk. Support was removed in active stabilization and
the person examined had to keep the limb in the same
position as with support, which was possible due to
the stabilizing functions of upper extremity muscles
(figure 1b). Knee joint flexors and extensors were
treated similarly (figure 2a, b).
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Fig. 1. Flexing in elbow joint:
(a) — passive stabilization, (b) — active stabilization,
(c) — measurement of external resistance torque
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Fig. 2. Extending in knee joint:
(a) — passive stabilization, (b) — active stabilization,
(c) — measurement of external resistance torque

The muscle torques were measured on a special
stand for the measurement of their static torques at the
Biomechanics Laboratory of the Academy of Physical
Education in Warsaw. The tests were carried out in
the isometric work mode. Measurement positions
were based on the analysis of professional literature.
For the flexion in elbow joint (figure 1c) and the ex-
tension in knee joint (figure 2c) some additional
measurements of the influence of arm and thigh
forces, respectively, on passive stabilization (support)
were taken.

For relative data, Student’s f-test was used to com-
pare the values of force instants achieved under pas-
sive or active stabilization. The difference of p < 0.05
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was taken as significant. Calculations were done with
the use of Statistica v.6 program (StatSoft, Inc. USA).

15 students of the University of Physical Educa-
tion in Warsaw took part in the research, they were at an
average age of 23 £ 1, their body mass was 78 £ 6 kg
and the height — 178 £ 5 cm. At the time none of the
students trained professionally.

3. Results

The table illustrates the average values of muscles
torque instants achieved in the joints tested in com-
parison with those obtained in the method of stabili-
zation and those from measurement.

group reached 72 + 7 Nm, which was lower than that
obtained during the tests with arm being stabilized.
Muscle stabilizing abilities in this test are shown in
figure 3 presenting the comparison of the torques ob-
tained during passive stabilization with those in active
stabilization. The results achieved during tests with
passive stabilization were adopted as 100% value and
marked in the diagram with a bold line. Columns
show the point differences (in percent) between force
instants with active stabilization. Lack of a passive
stabilization of the arm meant that the results obtained
were lower, on average, by 12.5% (p <0.001).

Elbow joint extending, without passive stabiliza-
tion of the arm, was tested in the similar condition to
those of flexing in preceeding test. An average level
set at 9% was higher than that during the tests with

Table. Average values (£ SD) of muscle torques with function and limb distinction (all values in Nm)

Function Upper limb Lower limb
Elbow Elbow Shoulder | Shoulder Knee Knee Hip Hip
Measurement Flex.* Ext.* Flex. Ext. Flex.* Ext.* Flex. Ext.
Passive stabilization 83+5 5617 120 £ 12 112+13 106 £ 18 260 £ 55 177+24 | 463+73
Active stabilization 7217 61+9 135+£20 158 £28
External resistance torque 76 £ 21 176 £23

* The differences between passive and active stabilization on the level of significance p < 0.001.

Higher values of muscle torque instants in flexors
rather than in extensors were recorded in the upper
limb joints tested. The inverse relation was found in
lower limb joints where extensors were stronger.
Those relations are significant (p < 0.05) regardless of
the kind of stabilization. In the experiment, the
strongest group of muscles were hip extensors, while
elbow extensors were the weakest. The values of the
stabilizing torque in the extensors of knee joint were
over twice as high as those in the flexors of elbow
joint. All measurements of the types of stabilization
showed statistically significant (p < 0.001) differ-
ences in the torque values achieved during passive and
active stabilization.

One of the main aims of this study was to define
the stabilizing functions of selected muscle groups. To
achieve this, the passive stabilization was changed
into muscle stabilization in four measurements. Dur-
ing the tests on elbow joint, to compare muscle torque
values of flexors and extensors, the students examined
did not change their positions; only the arm stabilizing
support was removed.

The aim of the students examined was to achieve
the same values as those during passive stabilization;
the only difference was the position maintained by
tension of relevant muscles. Average value for the

stabilization (p < 0.001). In the circumstances, thir-
teen students achieved higher values than in the previ-
ous test (figure 4), while two of them — lower values,
but only by 1%.
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Fig. 3. Percentage values of torques of elbow flexors
during passive and active stabilization

During the tests aiming at the recognition of the
stabilizing ability of lower limb muscles to perform
the bending and straightening functions in a knee
joint, the person examined maintained the same posi-
tion as during passive stabilization measurement. The
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Fig. 4. Percentage values of torques of elbow extensors
during passive and active stabilization
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Fig. 5. Percentage values of torques of knee flexors
during passive and active stabilization

only difference during the second trial was the re-
moval of a special thigh-stabilizing support that al-
lowed free movement in a hip joint. A correct testing
position was maintained by tensing relevant muscles.
Flexors in the tests without stabilization achieved the
values, an average, higher by 29 N than during the
tests with stabilization. In contrast to elbow joint,
where lack of stabilization allowed the achievement of
better results during extension, much higher values of
torques were observed for flexors. The comparison of
both tests is shown in percentage points in figure 5.
Bold line represents flexors during the tests with pas-
sive stabilization, shown as 100%, and columns show
relative comparison of the results of the tests without
stabilization. The values of flexor torques with muscle
stabilization are superior (p < 0.001) and show an
average level of 27%.

During knee joint straightening with muscle stabi-
lization the average for the group was 158 + 28 Nm.
Analyzing figure 6 one can see higher values when
a thigh is passively stabilized. The tests with muscle

Fig. 6. Percentage values of torques of knee extensors
during passive and active stabilization
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Fig. 7. Muscle torques of elbow flexors (EF)
versus arm resistance value on support (ERT)
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Fig. 8. Muscle torques of knee extensors (KE)
versus thigh resistance value on support (ERT)

stabilization only revealed the results lower by 37%
on average. The survey was undertaken in order to
find the value of external resistance torque in the sta-
bilizing point and to check whether this value is cor-
related with the torques of defined muscles. During
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elbow joint flexing the values of external resistance
torques are 10% lower than the torque values of elbow
joint flexors, whereas during knee joint straightening
the external resistance torques are 30% lower than
those of extensors in the same joint (the table).

The correlation for both tests was very high and
negative, which means that the values compared are
inversely proportional. Those correlations are stronger
for the muscle torques of knee extensors (figure 8, p <
0.001) than for the muscle torques of elbow flexors
(figure 7, p < 0.02).

4. Discussion

A definition of relation between testing position and
the force applied during any motion and also a defini-
tion of relative significance of this force are very im-
portant issues from the point of view of Sports Bio-
mechanics or practical training and widely understood
ergonomics of human motion.

The main aim of this study was to establish the
moving and stabilizing functions of selected muscle
groups. During the tests on elbow joint, after the re-
moval of arm stabilizing element, shoulder joint mus-
cles take over the stabilizing functions. Analyzing the
origins of muscles and their function [11], [12] it was
proved that the front part of deltoid muscle, biceps
and greater pectoral muscle were responsible for
maintaining the arm at 90°. Biceps is a biarticular
muscle, so apart from being an important shoulder
joint muscle it also is the strongest flexor of elbow
joint. This is why it is impossible to achieve maxi-
mum forces during flexing of a forearm while this
muscle performs a stabilizing function. The removal
of a passive support caused the results to drop by
12.5% on average.

The second cause of the above mentioned relation
could be a muscle stabilization characteristic, de-
scribed by KORNECKI [2] after a similar study. He
proved that the maximum force with which those ex-
amined were pushing non-stabilized element with
upper extremity, regardless of plane (horizontal or
vertical), was only 75% of the force applied to stabi-
lized element. This means that the process of com-
bining active bonds with temporarily redundant de-
grees of freedom absorbs highly relevant part (around
25%) of human potential force. The differences in the
force registered in mobile or immobile external setup
testify to a percentage decrease of force in relation to
maximum force that can be produced. When this dif-
ference becomes ever larger, the efficiency of muscle

stabilization process, i.e. stabilizing function of mus-
cles, is decreasing.

The straightening of elbow joint was studied in the
same testing position as that during the bending of the
same joint. Triceps and anconeus muscles are mainly
responsible for this straightening. Despite the fact that
the long head of triceps affects the function of shoul-
der joint, it does not take part in maintaining the tested
position stable. It was interesting to check whether the
removal of the element passively stabilizing the arm
would influence the muscle torque values in this test.
The result was that only three students achieved al-
most similar values in the test without passive stabili-
zation to those participating in the test with passive
stabilization. The rest of the students achieved, on
average, the torque values by 9% higher. The removal
of support induced the whole upper limb to be stabi-
lized only in its proximal end (by muscles affecting
the shoulder joint) and distal end (by the band con-
nected to dynamometer). Under these conditions,
during attempt to straighten the elbow joint, the parts
of antagonistic muscles could get involved in the pro-
cess of the widening of the joint angle.

During the tests on a knee joint, after the removal
of a thigh-stabilizing element, hip joint muscles take
over the stabilizing function. It is iliacus muscle, ma-
jor lumbar muscle and rectus femoris muscle that are
mainly responsible for maintaining the thigh at 90°
angle. During flexion in the knee joint all the students
tested achieved without passive stabilization the val-
ues that are, on average, by 30% higher. In this joint,
the back group of thigh muscles and calf muscle (gas-
trocnemius), i.e. the muscles not taking part in main-
taining the testing position of the thigh, are responsi-
ble for flexing. The removal of support induced the
whole lower limb to be stabilized in proximal end (by
muscles affecting the hip joint) and in distal end (by
the band connected to dynamometer). A similar situa-
tion occurred during extension in the elbow joint. In
the circumstances, during attempts to flex the knee
joint, the parts of antagonistic muscles could get in-
volved in the process of narrowing the joint angle.

The biggest drop in the value of force, after the
removal of passive stabilization, was noted during
tests while extending knee joint. The quadriceps mus-
cle is responsible for extension in this joint. A front
head of this muscle (rectus femoris muscle) is biar-
ticular and apart from extending leg at knee joint it
plays an important part in the process of stabilizing
the thigh. That is why this stabilizing involvement of
rectus femoris does not allow the quadriceps muscle
to achieve the maximum force. The tests done after
the removal of a passive stabilization of the thigh
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showed the results lower, on average, by 40% (maxi-
mum 65%). Much higher drop in the value of force,
during lower leg extension rather than knee joint
flexion, after the removal of stabilization is undoubt-
edly connected with the mass of lower extremity (19%
of body mass), supported by muscles, being much
greater than the mass of upper extremity (6% of body
mass) [13].

It is worth mentioning that higher values of muscle
torques achieved after the removal of passive stabili-
zation were typical of the weaker group of given joint
muscles. Thus, the extensors as a weaker muscle
group of an elbow joint were characterized by higher
values of torques during active stabilization and,
similarly, the flexors of a knee joint had higher force
values without passive stabilization.

Because both flexing of an elbow joint and ex-
tending of a knee joint involve biarticular muscles
with the stabilizing function in both upper and lower
extremities, those muscles achieve higher torque val-
ues during tests with passive stabilization. On the
level of significance p = 0.02 it can be stated that
lower values of muscle torques mean a stronger influ-
ence of arm or thigh muscles on stabilizing element.
So, if the task is the maximum flexion in an elbow
joint or extension in a knee joint, the higher value of
external resistance torque can be indicative of a poorer
coordination in the exercise performed.

5. Conclusions

The present research allows the following conclu-
sions:

1. During attempts to extend elbow joints and to
flex knee joints the bigger values of muscular torques
are achieved in the measurements without passive
stabilization.

2. Biarticular muscles controlling a stabilizing
process in a proximal joint reduce the maximum val-
ues of forces in distal joint.

3. The values of muscle torques in elbow flexors
and knee extensors are inversely proportional to the

values of the forces acting on stabilizing element in
a given movement.

4. Direct relation between the value of forces dur-
ing flexing or extending in a given joint and the value
of forces stabilizing muscle groups is not observed.
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