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ABSTRACT

Background: Balance deficits are usually related to medial-lateral instability. BMI could be an important factor
to consider as; excess body mass or increased accumulation of adipose tissue can directly impact the postural
stability which in return impacts balance.

Purpose of the study: To find the correlation between BMI and Balance.

Method: Sample consisted of 149 students, out of which 100 (67%) were males and 49 (33%) were females.
BMI was calculated and was categorized into groups. Bilateral limb length was measured for normalising the
data. Static balance was measured by performing blinded stork test and dynamic balance by performing Y-
balance test. Data was analysed using Pearson’s correlation test.

Result: There was significant correlation between BMI and static balance of left leg (r=0.713, 95% ClI 0.623,
0.784, p=0.01) but on comparison, there was no significant correlation between BMI and static balance of right
leg (r=0.0458, 95% CI -0.11, -0.205, p=0.58). It was found that there was no significant correlation between
BMI and Left Anterior (r= -0.134, 95% CI -0.289, -0.0274, p= 0.103), Left Posterolateral (r=-0.0775, 95% CI -
0.235, 0.0843, p=0.347), Left Posteromedial (r=-0.0903, 95% Cl -0.248, -0.0715, p=0.273) respectively. Also, it
was found that there was no significant correlation between BMI and Right Anterior (r=-0.236, 95% Cl -0.382,
-0.0778, p=0.00381), Right Posterolateral (r=-0.193, 95% Cl -0.343,-0.0334, p=0.0183), Right Posteromedial
(r=-0.126, 95% Cl -0.281, -0.0354, p=0.125) respectively.

Conclusion: There was significant correlation between BMI and static balance of left leg and no correlation was
established between BMI and static balance on right leg and also no correlation was established between BMI
and static and dynamic balance for right and left leg.
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INTRODUCTION basic and unavoidable because of little
Balance is characterized as the capacity to keep perturbation inside the body (e.g., breathing,
up the line of gravity of a body inside the moving body weight for one foot to the next
base of support with negligible postural sway or from forefoot to hind foot) or from
[1]. A specific development of influence is outside source (e.g., air flows, floor vibration,
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and so on). An increase in postural sway isn’t
really a marker of less balance to such an
extent as it is a pointer of diminished neuro-
muscular control [2]. Keeping up balance
requires coordination of contribution from
various tactile frameworks including the ves-
tibular, somatosensory and visual system [3].

Postural sway can happen in all planes of
movement, which make it an undeniably
troublesome capacity to restore. According to
researches, there is a strong relation between
decreased postural balance and stability,
especially medial-lateral and potential risk of
falling. To maintain balance, an individual
standing should have the option to keep the
vertical projection of their centre of mass
inside their base of support, bringing about
minimal average medial-lateral or anterior-
posterior sway. Ankle sprains are one of the
most common injuries among athletes and
physically active individuals. The commonest
residual disability after an ankle sprain is
unsteadiness alongside sway of the body.
Mechanical instability includes two factors, one
being lack of stabilization structures and
mobility beyond physiological limits.
Functional unsteadiness or instability includes
repetitive injuries to the ankle or a feeling of
giving away [4]. Around 40% of the patients
with ankle sprain portray excessive body sway
and instability [5]. Injury to the ankle leads to
lack of proprioception and hindered postural
control. People with weakness of muscles and
less postural control are more vulnerable to
an injury of the ankle than those with better
postural control.

Static balance is characterized by maintaining
postural equilibrium whilst holding the body
in a fixed position and dynamic balance is the
maintenance of postural balance while other
body parts are moving [6].

Functional balance assessments: Functional
tests of balance emphasize on maintaining
static and dynamic balance, regardless of
whether it involves any perturbation or change
of center of mass or during steady stance [7].
Standardized tests of balance are accessible
to permit allied health care professionals to
evaluate a person’s postural control. Some
of the functional balance tests which are
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accessible are Romberg Test [7],

Functional Reach Test [7], Berg Balance Scale
[7], Performance-Oriented Mobility Assess-
ment (POMA) [7], Timed Up and Go Test [7],
Balance Efficacy Scale [7], Stork Test [8],
Y- Balance Test [9], Star Excursion Test [10].

We performed blinded stork test for static
balance & Y-Balance test to asses dynamic
balance.

Body Mass Index (BMI): The weight file (BMI),
or Quetlet record, is a heuristic intermediary
for human muscle to fat ratio dependent on a
person’s weight and height. Body Mass Index
is characterized as the person’s weight
partitioned by the square of their height [11].

The body fat not just impacts an individual
psychologically, but also functionally. The Body
Mass Index (BMI), determined as weight (in
kilograms)/tallness (in meters, squared), is the
ordinarily utilized measurement to character-
ize the anthropometric height/weight
attributes which represents the fatness of an
individual, thus categorizing them into groups
[12]. An expert group gathered in 1993 by
World Health Organisation to build up the
uniform categories of BMI and so was
classified into four significant categories like
underweight, normal, overweight and obese[12].
BMI is categorized into four groups: Under-
weight- BMI (<18.5), Normal- BMI (18.5 - 25),
Overweight- BMI (25-30), Obese- BMI (>30).

A BMI of 18.5 to 25 may demonstrate ideal
weight; a BMI lower than 18.5 proposes the
individual is underweight while a number over
25 may show the individual is overweight; an
individual may have a BMI below 18.5 because
of sickness; a number above recommends the
individual is large (more than 40, excessively
obese). As discussed earlier, balance deficits
are usually related to medial-lateral instabil-
ity, BMI could be an important factor to
consider, as excess body mass or increased
accumulation of adipose tissue can directly
impact the postural stability which in return
impacts balance [13].

Studies have shown a fair correlation between
balance and BMI. Aim is to find if there’s any
significant correlation between these two
factors.
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METHODOLOGY

Sample consisted of 149 students, out of which
100 (67%) were males and 49 (33%) were
females. The subject included normal healthy,
co-operative individuals between the age
group of 17 to 25 years. Individuals with
recent fracture of trunk & extremities,
deformities of the lower limb, any neurologi-
cal impairments, soft-tissue injuries prevent-
ing normal ROM and individuals with known
balance issues were excluded from the study.

After getting ethical clearance from Institu-
tional Ethical Committee, the samples were
recruited using convenient sampling. A
detailed explanation of aim, objective of the
study & methodology was given to the
subjects. All the queries of the participants
were answered & consent was taken prior to
the measurement of the required data. The
weight of the subjects was taken from the
weighing machine & height was taken from
wall mounted stadiometer. BMI was calculated
using the standard BMI calculation formula
BMI = weight (kg)/ height (m?) and subjects
were categorized into four groups as Under-
weight- BMI (<18.5), Normal- BMI (18.5 - 25),
Overweight- BMI (25-30), Obese- BMI (>30) [13].

Static balance was assessed using Blinded
Standing Stork Test for both the lower limbs.
Subject was asked to remove the shoes and
place the hands on the hips, then position the
non-supporting foot against the inside knee
of the supporting leg. The subject was then
asked to close his/her eyes. The stopwatch was
stopped if the hand(s) come off the hips, if
the standing foot is moved or if the eyes were
open. Test was carried out for three attempts.
Time taken by the subject for each attempt
was calculated in three attempts and average
of all the three attempts was used for the
analysis.

Dynamic Balance was assessed by Y-Balance
test. Test was carried out on a non-slippery
surface. Six feet long black tape was used to
form a marking line in 3 directions — Anterior,
Posteromedial, Posterolateral. The line was
then overlapped by three measuring tapes in
all three directions respectively. Subject was
made to stand on one leg where the ball of
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the touching foot was placed in intersecting
point of all the three lines. The subject has to
reach as far as possible with the opposite leg
in each direction for three times without
losing balance and follow the same for all the
directions. The first point of contact on the
measuring tape was taken for the reading. The
test was followed for both the lower limbs.
Limb length was taken for both the limbs for
the final calculation. Calculation involved
taking mean of all the three reach distances.
Data was then normalized by dividing it by limb
length of the same leg & then multiplying it
by 100.

RESULTS

BMI
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Figure 1 showing the correlation between BMI and
Static Balance (Left)
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Figure 2 showing the correlation between BMI and
Static Balance (Right)

Pearson’s Correlation test was done to assess
the correlation between balance and BMI.
There was significant correlation between BMI
and static balance of left leg (r = 0.713, 95% ClI
0.623-0.784, p =0.01) but on comparison, there
was no significant correlation between BMl and
static balance of right leg (r=0.0458, 95%
Cl -0.116-0.205, p = 0.58). Figure 1 and 2
represents the diagrammatic representation
of the data.
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On analysing the relationship between BMI
and Left Dynamic Balance, it was found that
there was no significant correlation between
BMI and Left Anterior (r = -0.134, 95%
Cl-0.289-0.0274, p= 0.103), Left Posterolateral
(r==-0.0775,95% ClI-0.235-0.0843, p = 0.347),
Left Posteromedial (r =-0.0903, 95% Cl -0.248-
0.0715, p = 0.273) respectively. Figure 3, 4 and
5 represents the diagrammatic representation
of the data.
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Figure 3 showing the correlation between BMI and
Dynamic Balance (left- anterior)
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Figure 4 showing the correlation between BMI and
Dynar ' o -
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Figure 5 showing the correlation between BMI and Dy-
namic Balance (left- posterolateral)
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On analysing the relationship between BMI
and Right Dynamic Balance it was found that
there was no significant correlation between
BMI and Right Anterior (r= -0.236, 95%
Cl-0.382--0.0778, p = 0.00381), Right Postero-
lateral (r=-0.193, 95% Cl -0.343- -0.0334,
p = 0.0183), Right Posteromedial (r = -0.126,
95% Cl -0.281- 0.0354, p = 0.125) respectively.
Figure 6, 7 and 8 represents the diagrammatic
representation of the data.

BMI

— 1T
Figure 6 showing the correlation between BMI and
Dynamic Balance (right- anterior)
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Figure 7 showing the correlation between BMI and
Dynamic Balance (right- posteromedial)
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Figure 8 showing the correlation between BMI and
Dynamic Balance (left- posterolateral)
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DISCUSSION

The study of balance & BMI has revealed that
amount of body fat affects static balance. The
non-dominant limb has better balance
compared to that of the dominant limb. The
idea of limb dominance is based on the
reason that the two hemispheres of the brain
of the mind work distinctively and there is
some particular utilization of one limb for
activities under voluntary control.* Lower limb
dominance depends on the task to be
performed. Depending on the need of the task
when the subjects are asked to perform task(s)
which involve whole body stabilization, there
is switch towards the left leg [15]. So, as
balance includes body stabilization, it very well
may be expected that left leg i.e.,
non- predominant for roughly 96% of the
subjects has a decent connection with the BMI
when contrasted with that of the prevailing
limb (right leg) demonstrating moderate or
little correlation.

On comparison between BMI with dynamic
balance, BMI has no correlation. As from the
previous studies it was found that other
factors such as visual feedback & core
stability play a major role when balancing in
motion [16]. Dynamic balance causes the
centre of gravity to move in response to
muscular activity. This muscular activity may
be influenced by an external or internal
disturbance. During dynamic activity, the
centre-of-pressure moves between the base of
support boundaries and sometimes outside
the base of support [16].

The core is important because it is defined as
the lumbo-pelvic-hip complex where a person’s
centre of gravity is located and all movement
begins [17]. Core muscles get activated in
order to generate the rotational torque
necessary and the motion of the extremities
[18]. Also there is a need of proximal stability,
that is the trunk and pelvis for the dynamic
motion of the extremity [19]. The key is to
control the body’s centre of gravity, the point
around which the body balances most
perfectly. By keeping the centre of gravity
between the bases of support, the subjects
can more easily change direction. In addition,
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lowering the center of gravity adds stability.
On the other hand, visual feedback stimulates
proprioception in the subjects as they moved
their own body weight and returned back to
their original positions with stability, thereby
increasing sensory nerve signal transmission
[20,21], followed by an increase in balance
abilities and motor control of the muscles
around the knee joints [22]. Also the
equipment were not much suitable for
replicating a dynamic environment to test the
dynamic balance. Hence, the correlation may
not have been accurate enough. Study could
be performed with subjects with higher BMI,
also on diseased population.

BMI has been a highly dominant factor in case
of change in posture which then affects
balance. Hence, an adequate amount of
consideration needs to be given on maintain-
ing the BMI within the normal range along with
the other factors as to avoid the impairments
related to balance.

CONCLUSION

BMI has an effect on the static balance, more
significant on the non-dominant limb
compared to the dominant limb as unilateral
balancing requires whole body stabilization
which causes an automatic shift to the
non-dominant leg.

In case of dynamic balance, BMI has no
significant effect. Rather, there are other
factors such as Visual feedback and core
stability that affect dynamic balance more
than BMI. Dynamic stability of the body is
maintained by keeping the centre of gravity
between the base of support which involves
proximal stability which is carried out by the
core muscles. Lack of visual feedback and
motor control of the muscles around knee
joint can definitely disturb the balance of the
body when in motion.
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