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Abstract. [Purpose] The purpose of this study was to analyse the intraday test-retest reliability of stabilometric
measurements on the Centre of Pressure (CoP) in persons with Multiple Sclerosis. [Subjects and Methods] The
measurements were taken with the subject standing on the force platform with both feet together, in four different
conditions: eyes open and closed whilst standing on both a rigid surface and then on foam. The measurements were
taken on three occasions with intervals of 20 minutes between them. 18 persons with confirmed Multiple Sclerosis
(MS), (aged 44.4 = 13.3 years and 3.5 + 1.5 EDSS) participated in the study. Relative reliability was measured using
the intraclass correlation coefficient (ICC) and the 95% confidence interval (95% CI); and the absolute reliability us-
ing the coefficient of variation (CV) and standard error of measurement (SEM). [Results] The measurements of the
CoP in all of the variables in each of the four conditions, showed a reliability of good to excellent (ICC=0.69—0.92)
in the intraday test-retest. The variables which showed greatest consistency with repetition were X Speed, Y Speed
and Side Length. [Conclusion] Given the results it would seem that the best variables for monitoring postural control
in persons with MS are Speed on X and Y along with Side Length.
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INTRODUCTION

Multiple Sclerosis (MS) is a demyelinating, neurodegenerative disease of the central nervous system which normally ap-
pears in young adults. It is the principal cause of non traumatic disability in young people"). Amongst the symptoms observed
are difficulties in moving and postural control with the important implications these have on daily life?. These symptoms are
closely related to the severity of the disease?.

Postural control is the ability to maintain the projection of the centre of pressure (CoP), within the limits of stability of
the supporting base. It is a complex ability, which reflects the motor efficiency to the response of the nervous system with
regards to sensory input from the visual, vestibular and somatosensory systems*), such that when there is a balance disorder
in a patient with MS, it can be difficult to discern to what degree these various afferent and efferent systems are implicated in
difficulties with postural control, a complex function whose alteration can cause problems with work and social activities, as
well as affecting the psychological wellbeing of the person®.

The gold standard measurement for the analysis of postural control is stabilometry, carried out using a force platform with
which oscillations of the CoP are measured, allowing for the detection of minimal displacements with very small sampling
frequencies® 7). Stabilometry has become established as a useful diagnostic tool for the prediction of the risk of accidental
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Fig. 1. Intraday study design reliability

falls in persons with MS®). However, the measurement of the displacement of the CoP presents an important variability, both
an inter and intra-individual variability which, added to the disorders usually shown by persons with MS, could result in
a reduction of reliability for the use of this technique in the clinical monitoring of postural control in this group”. For this
reason, it would be useful to know the degree of variability in stabilometry in this group of individuals.

The carrying out of oscillometric evaluations with eyes open and closed, as well as with and without a foam mat, allows
us to estimate the contribution of the visual, vestibular and proprioceptive systems in maintaining balance. Thus we decided
to analyse the intraday test-retest reliability of the displacement oscillations of the CoP on a rigid surface, on a foam surface,
with eyes closed and with eyes open in persons with MS.

SUBJECTS AND METHODS

The participants in the study were people with a confirmed diagnosis of Relapsing-Remitting MS who had not had an
outbreak nor increased worsening in the previous three months and were all capable of standing on two feet and walking
without aid for at least 100 minutes, as well as being able to understand and carry out orders. All subjects signed an informed
consent form approved by the Ethics committee of the University of Leon.

On three occasions in the same day, separated by intermissions of 20 minutes, the subjects carried out a protocol consisting
of the evaluation of balance while standing barefoot with both feet together. Four different conditions were evaluated: with
and without a foam mat, and with eyes open and eyes closed. Each test lasted for 20 seconds in each of the conditions. The
subjects were seated between tests for a rest period of 2 minutes (Fig. 1)

The force platform that was used to obtain the results was a Good Balance system (Metitur OY, Jyvaskyla, Finland), with
a sample frequency of 50 Hz with software version GB 300.1.3.20.

The software analyses the following parameters: 1) “Velocity moment” of the CoP (Vel. Moment) (in mm?/s): which is
the area covered by the horizontal displacement of the CoP within the support base in a second!® 'D; 2) “Length of a side
of a square” (Side Length) (mm): is the longitude of the side of a square which includes 90% of the points obtained of the
position of the CoP during the 20 seconds of the test; 3) “Mean speed along X axis” (X Speed) (in mm/s): is the average
speed of the CoP along the X or mediolateral axis or (ML)”; 4) “Mean speed along Y axis” (Y Speed) (mm/s): is the average
speed of the pressure centre along the Y or anteroposterior axis or (AP)%; 5) “Distance along X axis” (X Extension) (mm):
is the distance covered by the CoP on the ML axis; 6) “Distance along Y axis” (Y Extension) (mm): is the distance covered
by the CoP on the AP axis.

In order to determine the normality of the values of the variables studied, the K-S test was used with the Lilliefors cor-
rection.

Reliability was measured using the Intraclass correlation coefficient ICC (2.1). Using the Fleiss criteria, we defined ICC
values of less than 0.4 as having poor reliability; 0.40 to 0.75 fair to good reliability; and scores above 0.75 as having excel-
lent reliability'?.

To measure absolute reliability, we used the Coefficient Variation (CV). The Atkinson and Alan M. Nevill adaptation
was used, which measures the averages of the CV’s of each of the subjects for each of their three repetitions'?. In the same
way, the standard error of measurement (SEM) was used, calculated as the proportion of the deviation not included in the
reliability, SEM=SD * (square root of (1-ICC))!¥. A level of significance of p<0.05 was established. The statistical analysis
packet SPSS 23.0 was used (SPSS, Inc., Chicago, IL, USA).

RESULTS

7 men and 11 women with MS completed the proposed protocol. The average age was 44.4 &+ 13.3 years with the average
height being 166.6 + 10.2 cm and a weight of 68.1 + 11.6 kg. The average time from the initial diagnosis was 9 + 5.2 years.
Expanded Disability Status Scale (EDDSS) score was 3.5 £ 1.5.

Table 1 shows the average results with S.D. of the CoP as measured in each test and repetition. Table 2 shows the ICC,
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Table 1. Descriptive statistics for MS CoP measures in different sensory condictions by each evaluation mo-

ment
Trial 1 Trial 2 Trial 3

Rigid Surface —Eyes Open

Velocity moment (mm?/s) 342+ 179 38.8+30.4 38.8+29.3

Side Length (mm) 19.3+£49 19.7+9.1 199 +£8.1

X Speed (mm/s) 9.9+438 10.2+5.5 104+43

Y Speed (mm/s) 11.5+5.1 10.7+£4.9 11.1£5

X Extension (mm) 197.6 £ 93 203.9+£109.1 209.8 £87.5

Y Extension (mm) 227.1+106.2 211.9+98.9 222.3+979
Rigid Surface —Eyes Closed

Velocity moment (mm?/s) 108.9 £ 120.2 109.1 + 113.5 81.2 + 80.1

Side Length (mm) 29.3+£13.6 31.4+13.9 277+13.3

X Speed (mm/s) 18.4+11.1 182+11.8 156 +8.3

Y Speed (mm/s) 209+ 12.2 194+ 11 169 +8.2

X Extension (mm) 367.6 £223.6 363 £237.7 311 £165.8

Y Extension (mm) 415.8£242.3 389.1 £217.9 337.5+162.5
Foam Surface —Eyes Open

Velocity moment (mm?/s) 61.8 +£45.2 492 +27.2 53.9+30.8

Side Length (mm) 25.8+10.2 231+71 24.6 £8.6

X Speed (mm/s) 17.6 £13.5 126+4.9 13.3+57

Y Speed (mm/s) 14.5+5.51 1233 +3.74 13.1+£5.1

X Extension (mm) 197.6 + 93 203.9 + 109.1 209.8 + 87.5

Y Extension (mm) 227.1 £106.2 211.9+98.9 222.3+979
Foam Surface —Eyes Closed

Velocity moment (mm?/s) 1053 £87.3 879+ 70.2 80.6 +53.5

Side Length (mm) 30.6+11.8 28.6 £10.6 287+9.7

X Speed (mm/s) 18.6 + 8.6 17.3+8.3 16.3+£6.8

Y Speed (mm/s) 19.3+8 17.5+£6.9 16.5+6.2

X Extension (mm) 372.5+£171.9 3459+ 166.9 326.5+135.1

Y Extension (mm) 384.1+ 1614 348.8 + 136.8 331.3+122.5

Side Length: length of a side of a square; X Speed: Mean speed along X axis; Y Speed: Mean speed along Y
axis; X Extension: Distance along X axis; Y Extension: Distance along Y axis

the 95% IC, CV and SEM.

We observed relative reliability values from reasonable to excellent in all variables of each test conducted on three dif-
ferent occasions (ICC=0.92-0.69). The CV of the tests varied from 13.4% to 18.9% in all variables except for velocity
moment which exceeded said values. The SEM of all the variables of the repeated tests ranged from between 1.5 and 94.2.
The variables which obtained the best result for reliability, regardless of the test, were speed along X and Y and Side Length.
These variables obtained an SEM between 1.5 and 6.3 and the CV between 13.4 and 18.9.

DISCUSSION

This study evaluated the reliability of the oscillometric variables of movement of the CoP in 3 repetitions carried out
on the same day on a firm surface, a soft (foam) surface, with eyes open and eyes closed, in persons with MS. The main
discovery was a relative reliability of good to excellent (ICC=0.69—0.92) in the tests with eyes both open and closed on a firm
surface, as well as with eyes both open and closed whilst standing on a foam mat. The greatest absolute reliability amongst
the repeated tests was obtained from the average speed along X and Y variables and also from Side Length, which gave a
value lower than that of CV and SEM.

The CoP measurements studied gave different degrees of reliability, both relative and absolute, given that each test mea-
sures a different sensorial condition'®. The resulting data reveal higher ICC levels on a firm surface than on foam. These
results may be explained by the fact that postural strategies on a foam mat vary due to compensatory movements'®. Other
authors argue that the strategies used to attain postural control are the same as those used to maintain movement stability,
which could explain why our values have similar reliability results between rigid surface and mat!?. On the other hand,
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Table 2. Test-retest reliability of CoP Measures in different sensory condictions of multiple sclerosis indi-
viduals (n=18)

ICC 95% CI CV (%) SEM
Rigid Surface —Eyes Open
Velocity moment (mm?/s) 0.69 0.5-0.9 29.3 14.4
Side Length (mm) 0.74 0.5-0.9 16.7 3.8
X Speed (mm/s) 0.81 0.6-1.0 18.6 2.1
Y Speed (mm/s) 0.92 0.8-1.0 134 L5
X Extension (mm) 0.81 0.6-0.9 17.6 42.4
Y Extension (mm) 0.92 0.8-1.0 13.4 28.6
Rigid Surface —Eyes Closed
Velocity moment (mm?/s) 0.83 0.7-0.9 304 43
Side Length (mm) 0.81 0.6-0.9 15.9 6
X Speed (mm/s) 0.84 0.7-0.9 18.7 4.1
Y Speed (mm/s) 0.80 0.6-0.9 17.1 4.7
X Extension (mm) 0.85 0.7-0.9 18.7 81
Y Extension (mm) 0.79 0.6-0.9 17.1 94.2
Foam Surface —Eyes Open
Velocity moment (mm?/s) 0.69 0.4-0.8 28.7 19.2
Side Length (mm) 0.69 0.4-0.8 18.2 4.8
X Speed (mm/s) 0.69 0.4-0.7 17.9 6.3
Y Speed (mm/s) 0.70 0.5-0.8 16.1 2.6
X Extension (mm) 0.73 0.5-0.9 20.3 50.4
Y Extension (mm) 0.70 0.5-0.9 16.1 55
Foam Surface —Eyes Closed
Velocity moment (mm?/s) 0.69 0.4-0.8 28.1 39.2
Side Length (mm) 0.80 0.6-0.9 13.6 4.8
X Speed (mm/s) 0.79 0.6-0.9 16.7 3.6
Y Speed (mm/s) 0.70 0.5-0.9 18.9 3.8
X Extension (mm) 0.79 0.6-0.9 16.7 72.6
Y Extension (mm) 0.70 0.5-0.9 18.9 76.7

Side Length: length of a side of a square; X Speed: Mean speed along X axis; Y Speed: Mean speed along Y
axis; X Extension: Distance along X axis; Y Extension: Distance along Y axis; ICC: intraclass correlation
coefficient; 95% CI: confidence interval; CV: coefficient of variation; SEM: standard error of measurement

other authors propose the combined use of force platforms with a tri dimensional movement analysis system in order to
establish a permissible range of balance to get a deeper understanding of the reliability of tests done on a mat!®). Although
we were unable to find studies with the same protocol and platform, we did find intraday studies with similar protocols
(eyes open and closed on a firm surface and on foam) in elderly persons, such as the study carried out by Benvenuti et al'®).
In this study, higher values were obtained for reliability for the velocity variable for the centre of gravity and for the CoP
(ICC=0.76-0.74). We believe this is possibly due to the fact that postural control is less affected by aging than it is by MS,
and what’s more, variability amongst the elderly tends to be less than that of patients with MS due to the varying degrees and
types of effects. On the other hand, in the Alahmari et al. study'® we found a protocol that was similar to ours, in which they
added an evaluation with a sway-referenced visual surround, obtaining similar results in the speed variable (ICC=0.61-0.85).
We believe this is due to the similarity between the symptoms of the vestibular alteration study group and ours. In respect
of the extension on both axes variable we found the Brenton-Rule et al. study?” which shows results of excellent intraday
reliability with an interval of an hour between each evaluation (ICC=0.89—0.92), carried out with eyes open and closed on a
firm surface in elderly persons with ICC values that were very similar to the results from our study with the same conditions
and variables studied.

With regards to the methodology we employed, we found that studies which involved an average of 3 measurements of the
CoP on every repetition on a firm surface with eyes open, obtained ICC values of speed along X and Y ICC that were slightly
higher than ours in the elderly (ICC=0.96/0.96) and in young adults (ICC=0.96/0.96). This may be because the number of
measurements and repetitions affects the degree of reliability® 21). Concerning time elapsed between repetitions; we didn’t
find reliability studies on the same day with the Good Balance platform in any group. However, we checked test-retest reli-
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ability values on persons with MS between days which showed an inferior reliability in comparison to our data, as was to be
expected®). Paltamaa et al.'D studied the test-retest in MS with a time difference of a week, using the same platform as ours
on a firm surface with eyes open and closed, showing lower repeatability values in the velocity moment in ICC, SEM and
CV. By contrast, researchers such as Wajda et al.??) showed reliability in MS over three month test-retest reliability of CoP
motion during standing balance in individuals with MS obtaining results that were very similar to those we obtained from
our ICC results from the variable of speed along both axes with eyes open and closed on a firm surface. This suggests to us
that adding a dual task to the measurements as done by Wadja et al.??) might increase the attention of the individual with MS
and thus its reliability in time®).

Another factor which may influence the reliability of the tests is the range of sampling frequencies of the platforms. Our
study was conducted at 50 Hz, whilst other studies have used a frequency of 100?® or 200 Hz?*.

With regards to the CV of the study, this varied between 13.4% and 18.9%, except with velocity moment which exceeds
said values (28.1% to 30.4%). Some authors suggest that the CV may vary depending on the study or the study group. But
the basic premise is that values above 30% should not be considered, as was the case with our study in all cases®). By
contrast, other authors use the stricter criteria of a maximum of 15% for the CV for repeated force platform tests>®. In any
event, the CV should be considered with caution because it should only be applied in the case of normal distribution of all of
the variables!?. Our results didn’t have normal distribution in all variables, the same as occurred in the reliability study on
persons with MS conducted by Paltamaa el al'D.

As a measure of absolute reliability, the SEM of the current study shows that the most traditional variables, such as speed
along the X or Y axis and side length have the best values, being the lowest values in these variables in all tests carried out.
As such, they should be considered as important reference variables for the monitoring of balance in these patients. Other
studies which evaluated the intraday SEM, obtained lower values of reliability in variables related to speed but the data
contradict results obtained for CoP displacement during the test'® 2%, We think that this may partly be due to the methods
used to calculate the area; some use the elliptical form whilst others use the square, although all usually consider 90% of the
points obtained during the test.

The current study showed that postural control measurements taken from the Good Balance System® platform gave
a reliability of good to excellent with eyes open and closed, on a firm surface and on a foam mat (ICC>0.69), but it has
its limitations. The limitations were a scarcity of reliability studies on persons with MS to compare with our data, as well
as an abnormal distribution of the sample which could affect the interpretation of the absolute reliability. Perhaps, and it
would need further studies, average measurements from three repetitions along with induction sessions would increase the
reliability values.

The intraday reliability of the CoP in persons with MS, on a firm surface with eyes open and/or closed, and on a foam
surface with eyes open and/or closed is from good to excellent in all variables of the protocol that was carried out whilst
standing with both feet together. The most reliable variables for the monitoring of postural control in patients with MS are
Speed along X and Y as well as Side Length. In future studies it would be advisable to verify these results and evaluate if the
intraday reliability of the CoP would increase with the average of more measurements in each session.
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