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Abstract

Background: Postural balance is important to allow us to maintain the daily life. Poor postural response and
reduced motor activity were shown to be most prominent among obese persons than in non-obese. It is found
that obese elderly groups show a high prevalence of fall and supposed that adipose tissue distribution may be
considered as a major factor to balance problems. In this research, we studied computerized dynamic posturography
(CDP) static and dynamic tests among healthy adults according to their BMI classification (underweight/normal weight/
overweight/obese).

Results: We found a significant difference between studied groups among the different scores recorded from sensory
organization test and rhythmic weight shift test, which means the presence of an effect of increased body mass index
on the different sensory systems required to maintain balance control and the motor strategy used to maintain
balance. In obese elderly subjects, there was increased reliance on vestibular system to maintaining balance. With
increasing BMI, there was decrease in visual dependence in maintaining balance.

Conclusions: Increased body weight affects the balance function of the normal individual. Computerized dynamic
posturography is a good test to study static and dynamic status among obese subjects. So we found a positive relation
between aging, BMI, and postural control.
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Background
Postural balance is needed to allow us to maintain the
normal daily life. Balance is considered as the ability to
maintain the center of mass (COM) within the base of
support (BOS) that will assist to maintain body equilib-
rium [1].
Postural control is a complex system that helps person

to maintain balance in quiet standing position. The infor-
mation needed in order to maintain balance is monitored
by vestibular, proprioception, and visual systems [2].
Computerized dynamic posturography (CDP) is a non-

invasive method used to assess the central nervous sys-
tem adaptive methods (sensory, motor, and central)
needed in the control of posture and balance, both in
normal and abnormal conditions particularly in the

diagnosis of balance problems needed in posture and
balance. CDP requires specific protocols needed to diag-
nose any affection of the patient’s posture control sys-
tem. Thus, CDP challenges it by using specific
combinations of visual and support surface stimuli. The
test protocols are the sensory organization test (SOT),
limits of stability test (LOS), the motor control test
(MCT), and the adaptation test (ADT) [3].
Postural affection and decreased motor activity were

shown to be the most obvious among obese children
than in non-obese children [4].
Fjeldstad et al. [5] found that obese elderly persons

show a high ability to fall and assumed that adipose tis-
sue distribution may be considered as a major cause in
balance problems. Increased obesity can affect postural
control which is reflected on postural sway and motor
reaction time [6].
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Body mass index (BMI) can be calculated from a person’s
weight and height [7]. BMI can be measured as body weight
divided by the square of body height in meter. The World
Health Organization categorizes BMI into four degrees:
underweight (< 18.50 kg/m2), normal weight (18.50–
24.99 kg/m2), overweight (25.00–29.99 kg/m2), and
obese (> 30 kg/m2) [2].

Aim of the work
Study (CDP) static and dynamic tests among healthy
adults according to their BMI classification (under-
weight/ normal weight/overweight/obese).

Methods
Subjects

I. Control group: consisted of 15 adult persons with
normal body weight with their BMI between 18.5
and 24.99 kg/m2.

II. Study group: was classified according to body mass
index (BMI) into three subgroups:

Subgroup (1) (underweight): consisted of 15 subjects
with their BMI < 18.5 kg/m2

Subgroup (2) (overweight): consisted of 15 subjects
with their BMI between 25 and 29.99 kg/m2

Subgroup (3) (obese): consisted of 15 subjects with
their BMI > 30 kg/m2

The study included adult persons with normal hearing
aged 18–60.
Exclusion criteria: Patients who have history of:

� Lower limb injury
� Imbalance disorders.
� Vestibular impairment.
� Neurological affection
� Hearing loss
� History of ototoxic or vestibulotoxic treatment

Ethical aspects
A written consent was signed by all subjects showing
their acceptance regarding participation in this study.
Each subject was informed about all steps and any pos-
sible side effects.

Equipment
Computerized dynamic posturography, Neurocom ver-
sion 4 Smart balance Master.

Procedure
All subjects were submitted to the following:

1. Full history taking
2. Otological examination

3. Body mass index measurement using the formula:

BMI = Body mass/height2

4. Posturography testing:

i. Sensory organization test (SOT)

The test assesses equilibrium score, sensory analysis,
strategy analysis, and center of gravity in 6 different
sensorial conditions:
Condition 1: Fixed surface and visual surround, eyes

open
Condition 2: Fixed surface, eyes closed
Condition 3: Fixed surface, eyes open, moving

surrounding
Condition 4: Moving surface, eyes open, fixed

surrounding
Condition 5: Moving surface, eyes closed
Condition 6: Moving surface, eyes open, moving

surrounding

ii. Motor control tests

Rhythmic weight shift: It assesses the voluntary ability
to move the COG from right to left and forward to back-
ward between two targets at slow (3 s peak to peak),
medium (2 s peak to peak), and fast (1 s peak to peak) [8].

Table 1 Comparison of equilibrium score of sensory
organization test between studied groups

NW UW OW OB P value Sig.

SOT1 95.5 95.1 94.6 94.5 0.49 NS

SD (2.03) (1.7) (2.1) (1.6)

SOT2 92.9 94 92.1 91.9 0.05* S*

SD (2.3) (1.5) (2.5) (2.5)

SOT3 92.2 91.3 90.9 89.7 0.14 NS

SD (2.3) (3.2) (2.7) (3.2)

SOT4 85.1 87.6 87.1 78.9 0.00* S**

SD (7.1) (5.2) (5.9) (7.5)

SOT5 66.5 71.3 64.3 60.5 0.15 NS

SD (8.7) (13.8) (15.4) (12)

SOT6 60 64.4 61.1 56.9 0.70 NS

SD (15.3) (21.3) (18.1) 13.7)

Composite 73.8 74.3 72.9 70.8 0.65 NS

SD (8.1) (6.9) 8.6) (7.9)

SOT, sensory organization test equilibrium from condition 1 to 6, Composite,
sensory organization test equilibrium score composite score; NW, normal
weight; UW, underweight; OW, overweight; OB, obese. S*, significant difference
between UW and OW and between UW and OB; S**, significant difference
between NW and OB, between group UW, and OB and between OW and OB
*The mean difference is statistically significant at P ≤ 0.05 level
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Movement velocities of the target were 2.67°/s (slow-
mediolateral), 4°/s (medium-mediolateral), 8°/s (fast-
mediolateral), 1.78°/s (slow-anterior posterior), 2.68°/s
(medium anterior-posterior), and 5.35°/s (fast anterior-
posterior).

1) Directional control: This is a ratio of the amount of
movement in the intended direction to the amount
of deviation from the ideal movement.

2) On axis velocity: This is the speed of COG
movement in the intended direction.

Statistical analysis of the amplitude and latency
data was carried out using SPSS system (Statistical
Package for Social Sciences) (version16, IBM Corpor-
ation ,USA).

Results
This study included 60 subjects, 44 males and 16 fe-
males. Their age range was 20 to 60 years with mean
and SD of 30.5 ± (8.67). They were divided into 4
groups:
Control group: Consisted of 15 subjects; body mass

index range was 19 to 24 kg/m2 with mean and SD of
21.7 ± (1.57).
Underweight group: Consisted of 15 subjects; body

mass index range was 15 to 17 kg/m2 with mean and SD
of 16.2 ± (0.77).
Overweight group: Consisted of 15 subjects; body mass

index range was 26 to 30 kg/m2 with mean and SD of
27.3 ± (1.33).

Obese group: Consisted of 15 subjects; body mass
index range was 31 to 35 kg/m2 with mean and SD of 33
± (1.41).

Sensory organization test
There was a statistically significant difference between
groups in conditions 2 and 4. There is a high score of
underweight subjects in contrast to overweight and
obese subjects in sensory organization test equilibrium
score in condition 2. In condition 4, we found better
score in normal and underweight subjects, as compared
to obese subjects and overweight (Table 1 and Fig. 1).

Fig. 1 Comparison of equilibrium score of sensory organization test between studied groups

Table 2 Comparison of strategy analysis scores of sensory
organization test between studied groups

NW UW OW OB P value S

Condition 1 99.7 99.3 99.9 90.6 0.42 NS

SD (1.03) (1.4) (0.5) (1.01)

Condition 2 99.2 99.8 99.5 99.2 0.73 NS

SD (2.3) (0.6) (1.8) (1.7)

Condition 3 98.8 99.5 99.1 97.8 0.32 NS

SD (3.4) (0.9) (2.5) (2.7)

Condition 4 82.2 83.1 82.9 73.6 0.00* S*

SD (4.4) (7.7) (5.6) (8.5)

Condition 5 67.3 69.9 65.5 59.5 0.12 NS

SD (1.02) (12.9) (10.1) (12.4)

Condition 6 60.4 65.4 59.3 54.3 0.26 NS

SD (14.7) (11.4) (15.6) (15.6)

NS no statistically significant difference, S* significant difference between NW
and OB, between group UW, and OB and between OW and OB
*The mean difference is statistically significant at P ≤ 0.05 level
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Strategy analysis
There was a statistically significant difference between
groups in condition 4. A better score was found in nor-
mal weight and underweight subjects when compared
with obese subjects, and better score in overweight when
compared with obese subjects in condition 4 scores
(Table 2 and Fig. 2).

Sensory analysis
As regards somatosensory(SOM) and visual (VIS) scores,
a statistically significant difference was found between
underweight and normal-weight subjects in one side and
on the other side overweight and obese subjects (Table 3
ad Fig. 3).

Rhythmic weight shift
There was a statistically significant difference in fast
mediolateral and composite mediolateral scores with
better score in normal weight and underweight subjects
when compared to obese subjects in rhythmic weight
shift (Table 4 and Fig. 4).
When comparing directional control scores of rhyth-

mic weight shift test between studied groups, it was
found that there was no statistically significant difference
(Table 5 and Fig. 5).

Discussion
In the present study, we used computerized dynamic
posturography, sensory organization test and rhythmic

weight shift test, and we determined the effect of body
mass index on test results.
As regards the SOT equilibrium score, we detected the

presence of significant difference between studied
groups in SOT equilibrium score in condition 2 with
obese and overweight subjects as they had lower scores
than underweight subjects which means that with eyes
closed with fixed platform overweight and obese subjects
had more anteroposterior sway than underweight
subjects.

Fig. 2 Comparison of strategy analysis scores of sensory organization test between studied groups

Table 3 Comparison of sensory analysis scores of sensory
organization test between studied groups

NW UW OW OB P value S

SOM 73.8 98 96.3 91.2 0.00* S*

SD (8.1) (1.6) (3.2) (11.1)

VIS 87.4 85.9 88.5 77.3 0.01* S**

SD (7.4) (9.3) (7.9) (13.4)

VEST 63.8 64.6 59.8 63.9 0.82 NS

SD (10.8) (16.6) (15.4) (17.3)

PREF 91.9 90.3 90 89.9 0.92 NS

SD (7.8) (11.03) 9.1) 7.03)

SOM, somatosensory; VIS, visual; VEST, vestibular; PREF, preference; NS, no
statistically significant difference; S*, significant difference between NW and
UW, between NW and OW, and between NW and OB; S**, significant
difference between NW and OB between UW and OB, and between OW
and OB
*The mean difference is statistically significant at P ≤ 0.05 level
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Our results met with Menegoni et al. [9]. They used a
force platform to test 64 healthy subjects. They found
that there was increased anteroposterior sway in male
groups in eye closed condition which may be related to
the greater male body mass index. This can be explained
by the fact that there was increased body mass in obese
subjects which leads to an increase of torque at ankle
level.
The results of the present study agreed with Alonso

et al. [10]. They found that subjects with lean mass had
more postural control in relation to all of the balance
variables with eyes opened and eyes closed using port-
able force platform while they are testing balance func-
tion of 100 subjects.
Our results agreed with Olchowik et al. [11] who

found that strategy analysis values decreased with in-
creased BMI which can maintain posture. The ankle
muscle activity decreased while the hip muscle activity
increased in SOT condition 4 (eyes open, moving plat-
form, stationary surrounding) while there was no signifi-
cant BMI dependence for SOT condition 1 (eyes closed,
stationary platform and visual surrounding) and for SOT
condition 2 (eyes closed, stationary platform and visual
surrounding).
However, Lavie et al. [12] studied 10 healthy persons

with dynamic posturography which was done before and
after weight load that was applied to the upper part of

Fig. 3 Comparison of sensory analysis score of sensory organization test between studied groups

Table 4 Comparison of on axis velocity scores of rhythmic
weight shift between studied groups

NW UW OW OB P value S

SML 3 3.02 2.9 2.8 0.49 NS

SD (0.5) (0.5) (0.5) (0.5)

MML 4.8 4.5 4.7 4.5 0.62 NS

SD (0.9) (0.8) (0.8) (0.8)

FML 8.9 7.2 8.04 7.7 0.01* S*

SD (2.1) (1.8) (1.9) (2.1)

CML 5.6 4.9 5.2 4.7 0.04* S**

SD (1.01) (0.8) (0.9) (0.9)

SAP 2.1 1.9 2.3 2.2 0.77 NS

SD (0.4) (0.5) (1.03) 1.4)

MAP 3.2 2.9 3.1 2.8 0.65 NS

SD (0.7) (0.5) (1.02) (1.1)

FAP 5.2 4.8 5.04 4 0.08 NS

SD (1.5) (0.7) (1.6) (1.3)

CAP 3.5 3.3 3.5 3.01 0.42 NS

SD (0.8) (0.5) (1.1) (0.9)

The mean difference is statistically significant at P ≤ 0.05 level
SML, slow mediolateral; MML, moderate mediolateral; FML, fast mediolateral;
CML, composite mediolateral; SAP, slow anteroposterior; MAP, moderate
anteroposterior; FAP, fast antero-posterior; CAP, composite anteroposterior; NS,
no statistically significant difference; S*, significant difference between NW and
OB and between UW and OB; S**, significant difference between NW and OB
and between UW and OB
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the thorax. They found that with increased weight, only
the strategy score difference in (SOT 5) becomes signifi-
cant, and this was explained that when standing on a
movable support surface with absent vision (SOT5) or
distorted vision (SOT 6), a tendency was found to use
more hip movements to control balance.
Our results agreed with Rossi-Izquierdo et al. [13] who

studied balance on a 165 subjects aged 65 years or more.
They found that the integration of somatosensory infor-
mation that related to postural control is not affected by
obesity.
Our findings agreed with Matrangola and Madigan

[14]; as they studied 135 subjects aged 65 years or more
using NeuroCom computerized dynamic posturography,
they found that obese people had lower axis velocity
scores than non-obese. This agreed with Corbeil et al.
[15] who found that a significantly greater ankle torque
is needed to stabilize the body in obese individuals, so
this fact may interfere their directional control too. They
found that directional control scores decrease with in-
creasing BMI.

Conclusions

1. Increased body weight affects the balance function
of the normal individual.

Fig. 4 Comparison of on axis velocity of rhythmic weight shift test between studied groups

Table 5 Comparison of directional control scores of rhythmic
weight shift between studied groups

NW UW OW OB P value S

SML 80.4 82.7 80.5 80.3 0.59 NS

SD (5.9) (3.2) (7.3) (5.5)

MML 85.1 85.1 84.5 84.2 0.93 NS

SD (4.5) (5.2) (5.4) (4.1)

FML 87.5 89.1 87.1 86.1 0.23 NS

SD (4.1) (6.4) (6.4) (4.9)

CML 84.3 85.9 84.1 83.5 0.44 NS

SD (3.5) (2.9) (5.7) (3.7)

SAP 77.5 73.7 77.9 72.1 0.40 NS

SD (8.8) (14.5) (10) (10.8)

MAP 80.3 73.9 79.3 73.2 0.41 NS

SD (12.1) (18.2) (11.1) (14.5)

FAP 84.1 82.4 83.8 76.6 0.13 NS

SD (9.04) (7.7) (9.8) (11.6)

CAP 80.5 76.7 80.3 73.9 0.27 NS

SD (9.5) (12.3) (8.9) (10.7)

The mean difference is statistically significant at ≤ 0.05 level
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2. Computerized dynamic posturography is a good
test to study static and dynamic status among obese
subjects.

Recommendations

1. The importance of keeping normal weight for
better postural control.

2. Including CDP in obese patients with history of
imbalance.

3. Obese people should take care during conditions
they are exposed with unstable surface or with
diminished vision.
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