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Abstract

Our study aims to investigate the effects of lower extremity mass and volume characteristics of elite
athletes on the balance performances. The study has included 42 elite athletes totally with an average
age of 23.45 ± 2.50 years, average height of 173.64 ± 6.96 cm, average weight of 79.55 ± 14.19 kg and
average body mass index of 26.22 ± 3.06. The calf, femur, foot and leg volumes of the subjects included
in the study have been determined by means of Frustum method however, calf, femur, foot and leg
masses of the subjects have been determined by means of Hanavan method. The static and dynamic
balance performance of athletes has been measured by Biodex Balance System. Dynamic balance
performance has been detected in the levels of 2, 4 and 8. When dynamic balance performances have
been evaluated, it has been found that there is a significant difference in low-level balance test (p>0.05),
and a positive difference has been found between the masses and volumes of calf (r=0.437), femur
(r=0.609), foot (r=0.344) and leg (r=0.607) in terms of good and moderate level of balance performances
(p<0.05). According to the results obtained, the masses and volumes of calf, femur, foot and leg of the
athletes have affected the balance performances and, as the difficulty level of the balance performance
increases, the lower extremity mass and volumes affect the balance performance much more. In
conclusion, it has been found that lower extremity masses and volumes affect the balance performance
of the athletes positively, and lower extremity mass and volumes are required to be improved enough in
the branches that put an emphasis on balance.
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Introduction
Balance is a skill to establish control on standing area of body
to prevent falling. This is examined under two main topics:
static and dynamic. Static balance is defined as to establish
balance without moving [1] and it performs this on 2nd sakral
vertebra through intercepting the body on gravity center [2].
On the other hand, dynamic balance is defined as a balance
establishing skill without falling during action [1]. Balance is
influenced by many systems including visual and audial
systems, power, joint range of motion and coordination [3,4].
Although establishing balance is considered as an easy skill, it
requires complex motor skills [5]. The required motion plane
to establish balance is obtained through a coordinated structure
including the movements of feet, knees and hip joint [6].
Balance is highly important to expose a sportive performance
and it has an essential role having preserved the body on a
certain position, such as, swinging, standing, holding and
moving an object [7,8]. It is indicated that some changes on

balance control occur and balance improves depending upon
the exercising time of the athletes [9]. To achieve this, athletes
can dominantly utilize their sensory knowledge that their
branches require [10,11]. During the developmental period of
humans, differences are observed not only on their bodies’
volume and size, but also in body parts ratio of one another
[12]. It is revealed by research studies that besides increasing
the sportive performance improving balance performance
decreases the sports injuries that occur in lower extremity
[13,14]. While the sportive activities are done and skills are
performed, many motoric features come into play. It is
indicated that these motoric features are not equivalent.
Although many different motoric features come into play with
each movement, power constitutes the main components of all
activities [7,8]. Maximum power production ability is related
to the horizontal cross-sectional area of the muscle [15,16] leg
volume, mass and the cross-sectional area of the muscles
constituting the leg area affect the strength and power that the
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muscle produces [17]. It is stated that having more muscle
mass of quadriceps and hamstring which form femur area
increase the power originated in muscle and affect the
maximum strength in a positive way [18]. However, there are
not sufficient studies comparing how much balance properties
are affected by leg mass and volume value that sports branches
require.

The aim of the study is to examine the leg mass and volume of
the elite athletes with index of oscillation, static balance and
dynamic balance performances on different levels by
comparison.

Material and Methods

Subjects
To the present study, 42 male elite athletes from different
branches participated voluntarily. For the linear measurement
of the participants a steel stadiometer with a sensitivity of 0.1
barefoot is used; the measurement of weight is determined
barefoot and without metals on the participants by Tanita
BC-418 Segmental Body Analyse System (Tanita Corporation,
Tokyo, Japan).

Balance measurement
In the study, for measuring the balance, Biodex Balance
System (BBS) (Biodex, Inc, Shirley, New York) was used.
Biodex balance device is constituted of a movable platform
which enables the participants both to stand still and move
backward, forward and sidewise. Among the balance indexes
taken, general balance index (OA) talent is accepted as the best
indicator. Balance scores that are “0” indicate the maximum
balance rate. The high level of OA index value indicates the
loss of high balance. The moveable platform has mobility level
of 0-12. While “12” is the most stable platform, “0” constitutes
the most moveable platform. In this study, static balance test,
dynamic balance test at 2nd, 4th and 8th levels and index of
oscillation test were used with eyes open. Tests were carried
out on feet and in an upright position. Feet balance tests were
performed for 30 seconds with 10 seconds interims and
repeated three times. Before the actual tests, athletes were
practiced the test for 10 seconds long to adapt and recognize
the static and dynamic tests The participants were asked not to
speak or move during these tests. The test of the participants
who lost the balance was restarted.

Calculation of leg volume
Femur, calf and foot were included to the calculation of
volume. Measurements for femur, the distance between tibial
point and inguinal fold; for calf, the distance between the tibial
point and medial malleoulus point; for foot after determining
the whole foot and medial malleolus were performed as
Frustum model method defines. After measuring the distance
between tibial point and inguinal fold for femur volume and
the distance between tibial point and medial malleolus for calf
volume with 10% interims, the volume of the parts were

calculated according to Frust sign model (Formula 1) which
were taken with 10% interims, after that through adding the
volume of all parts, total volume of femur (Formula 2) and calf
(Formula 3) were calculated (Figure 1) [19].

Figure 1. Calculation of leg volume.
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Vu=Femur Volume

Vb=Calf Volume

Ri=Radius of the broad fraction of 10% part

ri=Radius of the narrow fraction of 10% part

Ci=Diameter of the broad fraction of 10% part

ci=Diameter of the narrow fraction of 10% part

h=The distance between broad and narrow fraction of 10% part

Calculation of foot volume
The elliptic area calculation of the horizontal cross-sectional
area in each part was done with formula 4; sequential parts and
the volume with constrained areas were calculated by using
Frustum model. For calculating the foot volume, the hi,ı
+1distance is the distance between the sequential parts
(Formula5), the value of height (h) beginning from line number
1 to thenar is L3/2 which changes from one foot to another.
The h value from the 3rd part to 4th part is L1/2 which changes
from one foot to another. The volume of the 5th part was
calculated by elliptic parabolic and the total volume of the foot
was calculated by adding the volume of all parts (Formula 6)
(Figure 2) [17,20].
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Figure 2. Calculation of foot volume.

�� =∏����/4   (4)�� = ℎ�, �+ 1/3 ��+ ��+ 1+ ����+ 1 1/2    (5)
�5 =∏ �2�5�5/8   (6)
Si=Horizontal cross-sectional area

Wi=Maximum width

Di=Maximum depth

Vi=Volume

hi=Height

V5=Total foot volume

Foot volume either can be defined with necessary charts
between thenar and medial malleolus or as it is described
above volume of each parts were calculated and added to the
total and the total volume of the foot was calculated (Formula
7).

Va=V1+ V2 +V3 +V4+V5 (7)

Va=Volume of the foot

V1=Volume of the first area

V2=Volume of the second area

V3=Volume of the third area

V4=Volume of the fourth area

V5=Volume of the fifth area

Calculation of the leg mass
Femur, calf and foot are included to the mass calculation.
Accordingly, for femur, distance between tibial point and
inguinal fold; for calf, distance between tibial point and
malleolus point and for foot, medial malleolus and whole foot
were determined and finally the measurements were performed
as Hanavan model defines (Figure 3) [17,21].

Figure 3. Modified hanavan model.

=0,074VA + 0,138UÇ − 4,641 (8)

m=Femur mass

VA=Body weight

UÇ=The place that femur provides the broadest circumference
measurement

m =0,135BÇ −1,318 (9)

m=Calf mass

BÇ=The place that calf provides the broadest circumference
measurement

m =0,003VA + 0,048ABÇ + 0,027 AU − 0,869 (10)

m=Foot mass

VA=Body weight

ABÇ=Ankle circumference

AU=Foot length

Statistical analysis
After completing the statistical descriptions of the data, the
relation of mass and volume and balance is determined via
correlation analysis. For analysis, Windows SPSS 22.0
software program was used and significance level was
considered as 0.05 (Table 1).

Between leg volume and leg mass (r=.824, p<0.001) positively
significant,

Between leg volume and index of oscillation (r=-.071, p>0.05)
no significant relation is stated.

Between leg volume and Dynamic Balance Level 2(r=.567,
p<0.05) positively significant,

Between leg volume and Dynamic Balance Level 4 (r=.538,
p<0.001) positively significant,

Table 1. Demographic data of the participants.

Balance Performance of Athletes
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n=42 Age Height Weight BMI Leg Volume Leg Mass

x ± sd 23.45 ± 2.50 173.64 ± 6.96 79.55 ± 14.19 26.22 ± 3.05 15200.30 ± 2966.60 13.19 ± 2.23

Table 2. Correlation between the leg volume and leg mass of the participants and their balance results.

Leg Volume Leg Mass Index of
Oscillation

Dynamic Balance
Level 2

Dynamic Balance
Level 4

Dynamic Balance
Level 8

Leg Mass
R 0.824*** - - - - -

P 0.000 - - - - -

Index of Oscillation
R -0.071 0.007 - - - -

P 0.655 0.963 - - - -

Dynamic Balance Level 2
R 0.567*** 0.714*** -0.200 - - -

P 0.000 0.000 0.204 - - -

Dynamic Balance Level 4
R 0.538*** 0.489** -0.268 0.661** - -

P 0.000 0.001 0.086 0.000 - -

Dynamic Balance Level 8
R 0.308* 0.366* -0.345* 0.579** 0.665**

P 0.047 0.017 0.025 0.000 0.000

Static Balance
R 0.021 -0.164 -0.327* 0.125 0.247 0.330*

P 0.894 0.300 0.034 0.429 0.115 0.033

*p<0.05, ** p<0.01, *** p<0.001

Between leg volume and Dynamic Balance Level 8 (r=0.308,
p<0.05) positively significant,

Between leg volume and Static Balance (r=0.021, p>0.05) no
significant relation is stated.

Between Leg mass and index of oscillation (r=0.007, p>0.05)
no significant relation is stated.

Between Leg mass and Dynamic Balance Level 2 (r=0.714,
p<0.001) positively significant

Between Leg mass and Dynamic Balance Level 4 (r=0.489, p
<0.01) positively significant

Between Leg mass and Dynamic Balance Level 8 (r=0.366,
p<0.05) positively significantBetween Leg mass and Static
Balance (r=0.021, p>0.05) no significant relation is stated.

While no differences are determined between the index of
oscillation and static balance when the leg volume and leg
mass of the participants are compared with balance
performances (p>0.05), positively significant differences are
determined between leg volume, leg mass and Dynamic
Balance Level 2, 4, 8 performances. The results are given in
Table 2.

Discussion and Conclusion
As a result of sportive factors, many changes occur in the body
and the body tries to accommodate itself to the environmental
conditions. While the uploadings to the body related the branch

can help to gain required structure, the performance increases
and the body structure is tried to be made favourable formally
[22]. When the present study is examined, whereas no
differences are determined between the index of oscillation and
static balance when the leg volume and leg mass of the
participants are compared with balance performances (p>0.05),
positively significant differences are determined between leg
volume, leg mass and Dynamic Balance Level 2, 4, 8
performances (Table 2). Balance is an important factor in
sports such as, basketball, football, handball, volleyball,
gymnastics, boxing and wrestling which require movements
[23] and is also affected by aerobics, anaerobic, balance and
speed exercises as well as strength exercises [8]. Muscle power
and horizontal cross-sectional area increase collaterally and it
is stated that the increase in leg volume and mass can improve
the muscle power [24]. When the related studies are searched,
it is reported that the strength exercises are efficient for related
leg muscles, in parallel to power increase, many improvements
occur in dynamic and static balance levels [25,26]. In contrast,
decrease in muscle power causes decrease in balance levels
[27,28]. To get a better performance, it is stated that firstly the
body type must fit to the branch. Body type has a determining
role on physical activity level and the person’s tendency to
sports, however, it is mentioned that regularly performed
physical activities can cause changes on the physical structure
of the body [29]. As a result of researches, only one work in
which volume and mass and balance performance have been
compared can be found. Ibiş et al. have detected through a
work about women volley-ballers that the volume of athletes’

Akil/ Celenk/ Aktug/ Marangoz/ Yilmaz/ Top

880 Biomed Res- India 2016 Volume 27 Issue 3



legs and their balance performance increase parallel to each
other. They express that with the increase of leg volume, the
strength of muscle increases and this situation improves the
balance performance [30]. On the other hand, when the studies,
comparing leg volume and mass with other parametres, such
as, power, reaction time and anaerobic performance, are taken
into account, it is observed that there is a positive relation
between balance performance and power parameter, that more
leg volume and mass increase the strength, in parallel to this
balance performance changes.

In conclusion, while no differences are determined between the
index of oscillation and static balance when the leg volume and
leg mass of the participants are compared and balance
performances, positively significant differences are determined
between leg volume, leg mass and dynamic balance level
performances and it is speculated that these differences
originate from the relation between mass and power. Although
the opinion, that the increase in leg volume and mass increase
the balance performance can be asserted, this hypothesis must
be supported with further broader studies with more
participants.
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