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Background: Posture and Stability Control is a process of maintaining balance and position of the body and its 
parts in a constantly changing environment. It is an important regulatory mechanism of the body, because it precedes 
movement, is upon the completion of which this system tries to maintain the body position.

Aim: The purpose of this long term study is to determinate by special testing which morphological indicators and 
how influence postural stability and its control.

Method: This study used testing with NeuroCom Balance-12 protocols, anthropometric measuring – 32 values, 
anamnestic questionnaire. For this article we analyzed one chosen protocol: Weight Bearing Squat Test. 

Results:  In this research, 41 individuals took part in it. 22 (53.66 %) were female, 19 (46.34 %) were male. 
Interesting statistically significant coherences were discovered during analysis of Weight Bearing Squat protocol on 
level p < 0.01, p < 0.05 and the Student’s two-optional T-test proved statistically significantly higher values of Left Body 
Weight erect position and Left Body Weight 30° knee flexion in men in comparison with women. 

Conclusions: This study shows us a direction and we may consider it a convenient base for more specific continuation 
in this problematic area.

INTRODUCTION

Observing and recognizing the patient’s walk or ana-
lyzing postural stability may be the most important part 
of the neurological examination. Seeing how the patient 
initiates a planned action, evaluating the ability to main-
tain balance while “repetitively hurling oneself into space” 
– as the act of walking has been described, and analyzing 
an abnormal gait for clues to the nature of the deficit, all 
provide valuable information5, 6, 21. The scientific question 
was: To what extent individual morphological signs influ-
ence postural stability and its control? 

The study of postural dynamics is important not only 
to understand disorders of impaired equilibrium and 
protective reactions, but also to the design prothesis and 
functional neuromuscular stimulation as aids to patients 
with impaired postural stability and locomotion12.

Measurement of balance has numerous potencial ap-
plications in medical training, such as determining the 
effects of injury, surgery, and external devices18. 

MATERIALS AND METHODS

The tested individuals (regardless their age) under-
went examination that was divided into 3 stages: step 1 
– measuring of morphological indicators, step 2 – testing 
with NeuroCom Balance, and step 3 – anamnestic ques-
tionnaire. This research is intended as a long term study, 
unprecedented to date. All probands were duly educated 
about the process of examination and they signed an in-
formed consent. The probands criteria were no current 
or serious past medical diagnosis, no medication affecting 
the CNS or balance control, no symptoms of dizziness 
of vestibular or neurologic disorders, no psychological 
disorders, normal vision, no unexplained medical history 
within the last 6 months.

Measuring of morphological indicators 
Measuring of morphological indicators was performed 

under standard conditions on the body of minimally 
dressed proband. We measured 32 anthropometric fig-
ures in every individual under standard conditions using 
specified way and instruments. As measured figures, we 
chose standardized data according to Martin-Saller and 
Nelson2, 13, 17. During measurement, we kept to the pre-
cisely defined anthropometric points15, 17. These points on 
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a body represent the same named points on the skeleton 
and it is, together with the use of anthropometric figures, 
possible to count and define body indices. 

Testing with neurocom balance 
The second stage was the measurement of postural 

stability on NeuroCom Balance machine, by NeuroCom 
International, which is located in Kinesiologic laboratory 
in Clinic of Exercise and Sports Medicine of Teaching 
Hospital Olomouc. NeuroCom International, Inc special-
izes in the development of computerized tools for the 
neuro-assessment and physiotherapy of patients with bal-
ance and mobility disorders. 12 protocols were selected 
from a broad spectrum and each parameter was measured 
as a three-trial average score.

Anamnestic questionnaire
The personal anamnesis was taken on the basis of com-

pleting a questionnaire related to our research: sex, age, 
laterality, sports activity, absence of inborn or acquired 
body defects, serious illness or injury, which would im-
pact or distort the research results8, 19. Other information 
regarding eye defects, dizziness and the status of medica-
tion which would otherwise influence the body stability 
were also ascertained. We strictly adhered by personal 
data security. 

In this research, 41 individuals took part. 22 (53.66 %) 
were female, 19 (46.34 %) were male. Personal anamnesis 
showed that no one from the group of probands partici-
pating in the research, had at the time of measurement, 
any health problems and did not suffer from any illness or 
physical limitations which would negatively influence the 
body posture. 11 030 data of postural stability and 1312 
data from anthropometric measuring were enlisted during 
the research. Because of the scope of the research and the 
number of data acquired, we only opted for comparison of 
morphological indicators: height [cm], weight [kg], BMI20, 
blood pressure systolic/diastolic [mm Hg], circumference 
of chest in normal position maximal [cm], circumference 
of chest in normal position minimal [cm], circumference 
of abdomen [cm], circumference of waist [cm], circumfer-
ence of gluteus [cm], length of upper limb [cm], length 
of lower limb [cm], length of foot [cm], width of foot 
type I. [cm] and II [cm]. Within these morphological 
indicators, we analyzed chosen protocol, which is Weight 
Bearing Squat (WBS). The basis group characteristic is 
shown in table 1.

Weight bearing squat
During the Weight Bearing Squat (WBS) assessment, 

the patient is instructed to maintain equal weight on the 
two legs while standing erect and then squatting in three 
positions of knee flexion. The percentage of body weight 
borne by each leg (Left and Right Body Weight) is meas-
ured with the patient standing at 0° (erect position), 30°, 
60°, and 90° of knee flexion. In the erect position, most 
body weight is borne through the skeletal system, and rela-
tively less stress is placed on the knee and hip joints22. 

RESULTS

In the comparison of morphological indicators of our 
group of probands with the statistical analysis, selected 
morphological indicators and selected tests on Neurocom 

Tab. 1. Average characteristics of the basic group.

Σ Age
Height/

cm
Weight/

kg
BMI

Complete 
group 41 30.10 172.80 70.60

23.46/
NORMAL

Female 22 31.41 165.80 63.40
23.12/

NORMAL

Male 19 28.58 180.90 79.10
23.85/

NORMAL

Tab. 2. Description of coherences between the Weight Bearing Squat Test (WBS) and the proband’s sex.

Levene’s Test for
Equality of Variances

t-test for Equality of Means

F Sig. t df
Sig.

(2-tailed)
Mean

Difference
Std. Error
Difference

L_% B_WT_0 2.402 0.129 0.000 38 1.000 0.00 2.96

L_%B_WT_3 0.212 0.648 3.111 38 0.004 3.33 1.07

L_%B_WT_6 3.692 0.062 2.483 38 0.018 3.34 1.35

L_%B_WT_9 0.004 0.952 0.557 38 0.581 0.78 1.41

R_%B_WT_0 2.346 0.134 –2.016 37 0.051 –2.78 1.38

R_%B_WT_3 0.212 0.648 –3.111 38 0.004 –3.33 1.07

R_%B_WT_6 3.692 0.062 –2.483 38 0.018 –3.34 1.35

R_%B_WT_9 0.004 0.952 –0.557 38 0.581 –0.78 1.41
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Chart 1. Description of correlation between Right Body 
Weight 0°and Height –0.439 (p < 0.01).

Chart 2. Description of describe correlation between 
Right Body Weight 0°and Weight –0.455 
(p < 0.01). 

Chart 3. Description of correlation between Right Body 
Weight 0°and circumference of chest in normal 
position maximal –0.423 (p < 0.01).

Chart 4. Description of correlation between Right Body 
Weight 0°and length of upper limb –0.431 
(p < 0.01).
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Chart 5. Description of correlation between Right Body 
Weight 0°and Length of lower limb –0.439 
(p < 0.01). 
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Balance, we have discovered coherences between the 
Weight Bearing Squat Test and the proband’s sex, by the 
means of Student’s two-optional T-test (tab. 2) and statis-
tically significant coherences by the means of Pearcon’s 
correlation. 

The Student’s two-optional T-test proved statistically 
significantly higher values of Left Body Weight 0° – erect 
position (L % B WT 0) and Left Body Weight 30° knee 
flexion (L % B WT 3) in men in comparison with women 
and statistically significantly lower values of Right Body 
Weight 0° – erect position (R % B WT 0) and Right Body 
Weight 30° knee flexion (R % B WT 3) in men in com-
parison with women. The situation is illustrated in the 
table 2.

In WBS analysis we discovered a significant statisti-
cal relations, mainly concerning in erect position Right 
Body Weight 0° (R % B WT 0) and proband’s height – 
0.437 (p < 0.01), weight – 0.455 (p < 0.01), circumference 
of chest – 0.423 (p<0.01), length of upper limb – 0.431 
(p < 0.01), length of lower limb – 0.439 (p < 0.01). The 
situation is illustrated in the chart 1–5.

Other significant relations were discovered between 
Left Body Weight 0° (L % B WT 0) and proband’s height 
0.359 (p < 0.05), Left Body Weight 60° (R % B WT 6) and 
length of upper limb 0.313 (p < 0.05), Left Body Weight 
90° (R % B WT 9) and blood pressure systolic –0.373 
(p < 0.05), Right Body Weight 0° (R % B WT 0) and cir-
cumference of chest in normal position minimal –0.401 
(p < 0.05), length of foot –0.384 (p < 0.05), width of 
foot type I. 0.402 (p < 0.05), width of foot type II. 0.380 
(p < 0.05), Right Body Weight 60° (R % B WT 6) and 
length of upper limb –0.313 (p < 0.05).

DISCUSSION

The aim of this research was to discover, if the indi-
vidual morphological characteristic can influence postural 
stability, and if so, which of these characters are signifi-
cant and how much they contribute to influencing pos-
tural stability. In current medical research, many studies 
pursue research of postural stability, from a perspective 
of neurology, physiotherapy and orthopaedics, by means 
of computerised and standardized non-digital methods. 
Measurement of postural control is difficult, because the 
location of the centre of the gravity is not determined 
easily10. Measurement of postural control is also difficult 
because, although an infinite number of equilibrium posi-
tion exist for the human body, many of them, including 
an erect, bipedal stance, allow only a few degrees of body 
sway9, 10. We can state that a study of such scope and direc-
tion has so far not been published.

P. Allard’s group1 was dealing with the same question 
and presented that somatotypes should be considered 
when assessing standing posture in both healthy subjects 
and patients. The Allard’s study presented an important 
guide-post for us. 

We are able to presume from initial results of our study 
that statistically significant correlation between balance 

control and selected morphological indicators was proven 
most distinctly in WBS analysis that the percentage of 
bodyweight borne in erect position on the right leg at 
the group of our probands statistically significantly cor-
relates (p < 0.01) with their height, weight, circumference 
of chest in normal position maximal and length of upper 
limb, length of lower limb, furthermore with (p < 0.05) 
length of foot, width of foot I., width of foot II., which are 
body structures that participate in maintaining balance in 
an erect position. 

The relation between the length of upper limb and 
Right Body Weight in erect position and when standing 
at 60° of knee flexion remains an interesting finding, and 
the relation between length of upper limb and Left Body 
Weight, when standing at 60° of knee flexion is statisti-
cally significant. 

In analyses of other tests, such as SOT, we found that 
Sensory Organization Test Equilibrium, where we can 
state that with increasing height of proband, there is a 
better control over balance under conditions Eyes open, 
sway referenced surface and visual surround, same rela-
tion applies concerning the width of proband’s foot. 

According to Colledge’s study4 all the groups were 
more dependent on proprioception than vision in the 
maintance of balance, but when reliable pressorecep-
tor information was removed, dependence on vision 
increased4, 11, 14 and the relative contributions of the sen-
sory system to balance did not alter with advancing age. 
Kamen’s study found in the study about the develop an 
inexpective, efficient system for clinical assessment of 
static and dynamic balance that the instrumentation can 
be used to discriminate among balance tasks and to dif-
ferentiate healthy older adults from those with a tendency 
for frequent falls14.

Many studies pursue testing and analysis of walk itself, 
in relation to neurological examination and fall prevention. 
Lamb et al16 found that fall gait speed and transfer ability 
were related to falls in a bivariate analysis but that only 
transfer ability was related to fall in a multivariate analysis. 
Hyndman et al11 found that mobility was not a factor in 
fall events. One of the reasons that Lamb et al found such 
a relationship but Hyndman et al did not may have been 
the method in which mobility was measured. Lamb et al 
used measure of walking (i.e., gait, speed) along with spe-
cific one-item functional test such as rising from a chair, 
transfers, and bed mobility, whereas Hyndman et al used 
only one functional measure (Rivermead Mobility Index). 
Taken separately, these one-item measures are related to 
fall incidence, but once they are combined with other 
variables that may be related to fall (e.g., depression, bal-
ance, ADL ability), their impact is diminished or negated. 
This may suggest the importance of comprehensive assess-
ments that focus on the physical, cognitive-psychological, 
and environmental factors11, 16.

We hope that by a complete analysis of data, which 
is a part of the thesis, we shall gain data evidencing the 
relation between morphological indicators and walk.

The importance of this research is not only in a mean-
ingful contribution towards care of patients with neu-
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rodegenerative disorders and stroke, i.e. mainly in the 
prevention of possible falls as stated by Harris et al7, but 
also for the medical staff from the perspective of working 
environment ergonomics. Balance retraining is a major 
component of rehabilitation programs for patients with 
neurological disorders, musculoskeletal impairments, and 
elderly people with balance deficits3. 

LIST OF ABBREVIATIONS

CNS Central Nervous System
COG Centre of Gravity
BMI Body Mass Index
kg kilogram
cm centimetre
mm millimetre
Hg mercury
tab. table
Fig. figure
WBS Weight Bearing Squat 
(L % B WT 0) Left Body Weight 0° erect position
(L % B WT 3) Left Body Weight 30° knee flexion
(L % B WT 6) Left Body Weight 60° knee flexion
(L % B WT 9) Left Body Weight 90° knee flexion
(R % B WT 0) Right Body Weight 0° erect position
(R % B WT 3) Right Body Weight 30° knee flexion
(R % B WT 6) Right Body Weight 60° knee flexion
(R % B WT 9) Right Body Weight 90° knee flexion
SOT-E Sensory Organization Test-Equilibrium 
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