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Abstract

BACKGROUND: Stability is often described to be static (quiennsling) and dynamic (maintaining a stable posititiie
undertake a prescribed movement). Many researtiae®es used only static tests to evaluate the stabilinormal and
handicapped subjects. However, it is importantvauate the stability of subjects while undertakirggious tasks (dy-
namic stability). It is not currently clear whethstatic balance can predict dynamic balance or Tiogrefore, the aim
of this research was to investigate the relatignbktween parameters of static and dynamic stakbaldts.

METHODS: The current clinical trial study was carried outtle Bioengineering Unit of Strathclyde Universityring
2008 and 2009. The normal subjects with no histdrynusculoskeletal disorders from staff and stusl@iftthe Unit
were selected in this study. Twenty-five normaljeats were recruited to participate in this reskgmoject. They were
asked to stand on a force plate in quiet standimhvehile undertaking various hand tasks. The fmeti stability of
the subjects was measured while transverse andalegaching tasks were undertaken. The correldigtween vari-
ous parameters of stability in quiet standing amttfional hand tasks was evaluated using Pearsoslaton.

RESULTS: There was no significant correlation between statid dynamic stability parameters. The Pearsamrledion
coefficients for all parameters regarding the statid dynamic tests were less than 0.46.

CONCLUSIONS: As there was no correlation between stability paatens in quiet standing and while performing vasiou
hand tasks, it is not practical to discuss abibtythe subjects to control their balance while utetléng various hand

tasks based on static balance ability.
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alance is considered to be an important
Baspect of performance of all individuals

whilst undertaking various daily activi-
ties, which is achieved by a complex process
involving the function of musculoskeletal and
neurological systems.! Stability is often de-
scribed as being static (quiet standing) and dy-
namic (maintaining a stable position while the
subject undertakes a prescribed movement).
Measuring the centre of pressure (COP) during
various standing conditions such as single or
double limb stance can be achieved by using a
force platform.2 A force platform provides accu-
rate information about postural control through
calculation of COP or the point of application of
the force distributed under the feet.?
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There are lots of parameters collected from
force plate output which can be used to
represent the stability in quiet standing; these
include: the COP path length, the COP excur-
sion, speed of COP change, mean amplitude of
COP sway, standard division of the forces ap-
plied on the force plate and standard division
of the COP changes in the mediolateral and
anteroposterior planes.*!! In contrast, dynamic
postural control often involves compilation of
various tasks which also represent the perfor-
mance of proprioception, range of motion of
lower limb joints, strength of muscles and also
the ability of the subjects to remain steady and
upright.2212 The Star Excursion Balance Test
(SEBT) and Balance Error Scoring System
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(BESS) are the two cost effective and objective
methods to represent the stability of the sub-
jects dynamically.213

It is currently unclear as to whether or not
the static balance is reflective of dynamic bal-
ance or not. The first research which deter-
mined the association between the static and
dynamic balance was done by Hrysomallis et
al; it was shown that there was a low correla-
tion between the balance scores for static test
on firm surface and the stepping test on the
unstable surface. The subjects asked to stand
on a single leg on force plate (static test) and to
step onto an unstable surface and maintaining
balance on a single leg for 20 seconds (dynamic
test).2 However, handicapped subjects, such as
cerebral palsy and spinal cord injury patients,
were not able to stand on one leg or undertake
the aforementioned tasks.8101415

The Johnson hand function is one of the
tests used for analyzing stability during hand
function to assess dynamic stability. The test
was extended to include tasks such as vertical
reaching and crossing the midline whilst
standing, and moving small counterparts, lift-
ing objects from lower to a higher shelf and
pushing objects using the dominant side.?12

Most of researchers have used only static
balance test to evaluate the stability of normal
and handicapped subjects'¢18 while, it is im-
portant that subjects have balance when un-
dertaking various tasks. Therefore, the main
aim of this research study was to investigate
the relationship between parameters of static
and dynamic tests. The main difference be-
tween current research and the previous re-
search was related to the type of dynamic tests
used in this research. In previous study, the
Balance Error Test has been used however, in
the current research the subjects were asked to
undertake various hand tasks.

Methods

This clinical trial has been carried out in the
Bioengineering Unit of Strathclyde University
between 2008 and 2009. A group of 25 normal
subjects with no history of musculoskeletal
disorders, based on their medical records, from
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all students of the Unit were selected in this
study. For undertaking the research, an ethical
approval was obtained from Strathclyde Uni-
versity Ethics Committee (thesis number
T12696). Before starting the tests, a consent
form was signed by each participant.
Equipment
A Kistler force plate instrumented with piezoe-
lectric force transducers was used to measure
the position of the centre of pressure which is
considered to give a good approximation of
sway. Sway during standing is defined by
movements of Centre of Gravity (COG) in a ho-
rizontal plane. These movements are due to
small deviations of the vertical ground reaction
vector. Many researchers have studied sway by
measuring the COP on the force platform.31°
The force plate and the amplifier associated
with it produce six voltage outputs that
represents the mechanical inputs in:

F E E M. M M  Which are the forces and

X''ylz' X'y’ vz
moments applied on X, Y, and Z axes. The lo-
cations of the COP can be determined accord-

ing to the following equations:36

(0.057F + M_)
X Z

X; = = Equation 1
y

_ (0'057':2 ) Mx ) Equation 2
i = F

whereby 0.057 meter is the thickness of the
force plate.

For the dynamic stability test, a table (width
80 cm, depth 60 cm) with height equal to 5 to
10 cm below the iliac crest was used. Moreo-
ver, 5 cylindrical weights marked with five dif-
ferent colors, with mass, height and diameter
equal to 0.025 kg, 5 cm and 5 cm, respectively
were employed. The cylindrical weights were
positioned approximately 15 cm apart from left
to right on five different coloured circles. From
back side, the cloured circles were inserted with
the same distance but in a reverse order. There
was also a small table with a height of 20 cm for
analyzing the stability during vertical reaching.
The small table was located 25 cm behind the
edge of the main table.
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Parameters
For the stability test in quiet standing, the fol-
lowing parameters were selected:

*The excursion of the COP in the mediola-
teral direction (ML)

*The excursion of the COP in the antero-
posterior direction (AP)

*The mean values of the excursion of the
COP in the mediolateral and anteropos-
terior planes (MAML, MAAP)

*The standard deviation of the COP in the
mediolateral and  anteroposterior
planes (SAP, SML)

For functional stability test the following
parameters were selected:

*The time of doing test for transverse reaching

(o)

*The time of doing test for vertical reaching
(V)

*The excursion of the COP in the mediola-
teral plane in vertical reaching test
(MLV)

*The excursion of the COP in the antero-
posterior plane in vertical reaching test
(APV)

*The excursion of the COP in the mediola-
teral plane in transverse reaching test
(MLT)

*The excursion of the COP in the antero-
posterior plane in transverse reaching
test (APT)

Procedure

The accuracy of the force plate according to the
manufacturer’'s manual was high and the error
of the system was less than 1%. However, to
maintain a guarantee of the output quality,
some tests were carried out to evaluate the ac-
curacy of the data for shear loads both in the
mediolateral and anteroposterior directions
and also for vertical loads. The results of force
plate calibration showed that the errors of the
system was not high, however it was more
than supposed to be ( between 1 and 2%).

In the next stage, subjects were instructed
about the procedure and instruments. Then,
their weight and their height were measured
and recorded. The subjects were asked to stand
on the force plate; they were instructed to look
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straight ahead, with their head erect and their
arms at their sides in a comfortable position.
The tests were recorded for one minute and
were repeated 5 times for each subject. Analo-
gue signals were sampled at a frequency of 120
Hz with an analogue to digital convertor and
were stored on a computer. The signals of the
force plate were filtered with a Butterworth
low-pass filter at 10 Hz. The first and the last 15
seconds of the data were deleted and only 30
seconds of the data were used for the final anal-
ysis. The 30 seconds of the data was used to
show the absolute sway of the COP. The first
and the last 15 seconds of the data were deleted
as the subject may have some small motions
during the first part and have some muscle fati-
gue at the last part of data collection period.

For the functional stability test, the subjects
were instructed to stand on the force plate and
then after achieving appropriate level of stabil-
ity were asked to move the weights from left to
right to the corresponding colors on the back
side as quickly as possible and back again from
right to left. In this way, the anteroposterior
and mediolateral COP sways and also the time
necessary to complete the tasks were recorded.
The test was repeated in order to collect 5 suc-
cessful trials.

In the second part of the dynamic stability
test, a small table was located on top and 25 cm
behind the edge of the main table and the sub-
jects were asked to lift cylindrical weights and
put them on top of the small table, without
considering the colors and the location, and
then return them to their first positions. The
same parameters were collected and the tests
were repeated a total of 5 times.

The mean and standard deviation of the
aforementioned parameters were determined.
To determine the association between the val-
ue of static balance and functional hand test,
Pearson product moment correlation coeffi-
cient (r) was calculated. The SPSS software,
generation 15, developed by IBM Company,
was used for final analysis. The normal distri-
bution of the parameters was evaluated by use
of Shapiro-Wilk test. The significant level was
chosen as 0.05.
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Results

The mean (+ SD) of the age, mass and height of
the participants were 27 (+ 2.7) years, 77 (+ 12)
kg and 1.76 (+ 0.05) meters. The mean values of
stability during quiet standing and while un-
dertaking various hand tasks are shown in
Table 1.

The mean value of the COP sway in the
mediolateral direction was more than that in
the anteroposterior direction during vertical
reaching test while the excursion of the COP in
the mediolateral direction was nearly two
times more than that in the anteroposterior di-

Table 1.The mean values of the static and dynamic stalpltygmeters during quiet standing and while un-

dertaking various hand tasks
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rection, during transverse reaching test. The
excursion of the COP in both planes during
quiet standing was less than that in dynamic
test. There was no significant correlation be-
tween the parameters of the static and dynam-
ic stability (Table 2). The Pearson correlation
coefficient varied between 0.05 and 0.456.

Discussion

Although, static balance test has been used to
determine the stability of the subjects in quiet
standing, the dynamic balance test is assumed
to be more specific and challenging than the

APT
(mm)

parameters APV
(mm)

(mm)

MLV MLT Tt Tv

(mm) (second) (second)

Functionalstity (dynamic stability analysis)
Mean values (+SD) 49.49 + 10.62 74.97 + 10.6 55.31 +15.31 190.1 +42.9 10.2+1.57 9.63+1.05

Parameters AP (mm) ML (mm)

SML (mm)

SAP (mm)

Quiet standing (static stability analysis)

Mean values (+SD) 23.23+5.14 15.12+75 2.68+0.7

5.29+0.85

APV: anteroposterior Centre of Pressure (COP) swargrtical motion

APT: anteroposterior COP sway in transverse motion
Tt: transverse time
MLV: mediolateral COP sway in vertical motion

SAP: standard deviation of the COP in anteropast@lane

SML: standard deviation of the COP in mediolatgtahe

Vt: Vertical time
Adhterioposterior
MLT: mediolateral COP swaytransverse motion

Table 2. The correlation between static and dynamic parasete

Functional stability Quiet standing Pearson correlation p-value
APV AP 0.163 0.65
APT AP -0.241 0.50

Vit AP 0.456 0.18
Tt AP 0.211 0.55
AP MAP 0.236 0.51
APV SAP 0.168 0.64
MLV ML 0.042 0.90
MLV MML 0.034 0.92
MLV SML 0.059 0.87
MLT ML 0.418 0.23
MLT MML 0.429 0.21
MLT SML 0.415 0.23
Tt ML 0.033 0.92
Tt MML 0.267 0.45
Tt SML 0.042 0.90

APV: anteroposterior COP sway in vertical motion

APT: anteroposterior COP sway in transverse motion

MLT: mediolateral COP sway in transverse motion
MLV: mediolateral COP sway in vertical motion

Vit: Vertical time
Tt: transverse time
AP: anteroposterior

SAP: standard deviation of the COP in anteropast@iane
SML: standard deviation of tHeOP in mediolateral plane
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static test. Other investigators have used only
static test for measuring the balance of the
handicapped subjects; however, no one re-
ported that static balance test can predict the
stability of the subjects while undertaking var-
ious tasks.

As can be seen from Table 2, there was no
correlation between the stability of the partici-
pant in quiet standing and undertaking vari-
ous hand tasks. However, it seems that the cor-
relation between the excursion of the COP in
quiet standing and during transverse reaching
tasks is more than that of the other parameters.

A few researchers have tried to evaluate the
correlation between dynamic and static stabili-
ty in healthy subjects or those with ankle
sprain. They have reported that the correlation
between the stability parameters during quiet
standing and dynamic test is not significant.
As can be seen from the research done in this
regard, different conditions and interventions
may influence dynamic balance but not static
balance. It means that the relationship between
static and dynamic balance is not high and us-
ing only one measure, static balance, can not
represent the stability of the subjects. The main
difference between the current research study
and the previous research was related to the
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type of dynamic tests used in thiss research.
The subjects were asked to undertake various
hand tasks in the current research while in the
previous research, the subjects were asked to
do Balance Error Test.1?

Conclusions

It is not possible to use some dynamic tests
such as SEBT and BESS for the most handi-
capped subjects. Functional hand tasks is one
of the dynamic tests which can be used in this
regard. It was found that the associations be-
tween the two types of balance tests used in
the current research are weak. So it can be con-
cluded that the performance of the subjects in
the static test can not reflect the stability of the
subjects in more challenging balance tasks. It is
not practical to discuss the ability of the sub-
jects to control their balance, while undertak-
ing various hand tasks, based on static balance
ability.
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