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SENSORY IMPAIRMENTSIN QUIET STANDING IN SUBJECTS

WITH MULTIPLE SCLEROSIS

ABSTRACT

Balance disorders and falls are frequently obsemvedbjects with multiple sclerosis. Along with

motor impairment sensory disorders and integradifitits of sensory inputs lead to inadequate

motor responses. The assessment of these sensorgals in an every day tasks, such as uprigh

stance, increases our knowledge of postural comtrblis pathology thus promoting more effectiv

treatments. The aim of the study was to describhemg impairments and sensory strategies in

different sensory conditions.

A stabilometric assessment was carried out in a@anive convenience sample of 53 subjects.

age of the sample was 52.7 (21.1) years; the aigstthology was 27.20 (14.5) vears before the

assessment. Balance was assessed in six sensdrtfaztn The impact of pathology on balance

control was shown by the high percentage of abnbsptaes: 75% of subjects with MS showed

abnormal scores even in the eyes open conditiom afbration of a single sensory input led to ar

increase of abnormal scores in up to 82% of subjédmost all subjects showed abnormal score|

in the vestibular conditions where 22% of them.f€He pattern of the subjects’ performance in tf

six sensory conditions suggests that balance danttg be more correlated to the number of

reliable sensory inputs than the nature of the@®rneput itself.
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INTRODUCTION

Disturbance of balance and falls are commonly afegskin subjects with multiple sclerosis (MS).

Balance disorders are reported as one of thelisitimptoms of the diseas& [Epidemiological

studies have found that 23% of subjects with MSasbweidence of cerebellar and brainstem

involvement already at disease onset and thafithiee increases to 82% after longstanding illne

[il. About 70% of subjects show ataxia and sensystem involvement']. Moreover, balance

impairments and falls are frequent in this popalatf subjects'],"].

Adequate balance relies on accurate perceptiohysigal input from the visual, somatosensory

and vestibular system%'] as well as their integration. A deficit in these steps leads to

inadequate motor respons¥y vhich are frequently observed in subjects with M. The ability

of the central nervous system (CNS) to use theetbemsory inputs and to weigh them has to be

assessed in order to plan efficacious rehabililagioategies.

The most commonly used technigue to assess baktweecord displacement of the center

of pressure on a force-measuring platform (stabgloy). Classical testing compares subject’s bo

sway in eyes open and eyes closed conditions. 8eimgegration deficits have also been

investigated by stabilometry. An approach to stiimhse deficits has been described by Nashner

and colleague]: Shumway-Cook adapted the test to assess subyibtsut the use of a

stabilometric platform’]. This study used the protocol adapted by Shum@Gagk with a

stabilometric platform. The subjects are requiedtand still in upright position for 30 seconits

six sensory conditions. The first three conditians: C1. eyes open, C2. eyes closed and C3. Sy

reference visual enclosure was obtained by a sodiag visual device swaying consensually with

subject’s body sway. The other three sensory cmmdif{ C4-6) are the same but with the addition

of foam pads placed under subject’s feet.
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Stabilometry has been used to investigate balaisoed®rs in subjects with MS. In general these

studies reported just antero-posterior sways. DatelySwank *{] assessed 113 subjects in the ey

open / eyes closed conditions. Of the subjectnoaized as actively ambulant but with moderats

impairment of function 30 and 40% showed abnornoaMsway in the eyes open and evyes clos€

conditions respectively. The percentages of subjstit ambulant but severely impaired with

abnormal body sway were 69 and 100% respectivelthibeyes open and eyes closed condition

Moreover, they found a correlation between bodyysarad a neurological examination.

Ramdharry et al{] assessed balance impairments in the eyes opeevasdlosed conditions witH

feet together and apart. MS subjects swayed maredbntrols under all conditions. Statistically

significant increase of sway was also observed@s €losed vs. eyes open and feet together vs.

feet apart conditions.

Nelson et al'f'] assessed MS subjects using the approach devebypsdshner. The paper

reported just antero-posterior sway. Considerigtphal composite score of the six sensory

conditions they found differences between subjetis a high and low functional status. 30% of

subjects (7 subjects) with high functional statusveed abnormal scores. Of these 7 subjects, fo

showed broad sensory integration deficits, twoettbjhad a vestibular deficit (impaired

performance in condition 5 and/or 6), 1 subjectws somatosensory and vestibular deficits

(abnormal scores in conditions 2, 3, 5 and 6). 8%ubjects (7 subjects) with low functional

status showed abnormal scores. Four subjects sheestibular impairments and two subjects had

vestibular plus visual or somatosensory dysfunctiore subjects showed broad sensory deficits.

Group comparison showed that the high functionalipthad abnormal sway just in the eyes cloS

condition and performed within the normal scoraghe other sensory conditions. In contrast, th

low performance group performed below normal scoredl conditions except in conditions C4

and C6.

The effects of pathology on the balance system hgebeen investigated with dynamic platforn

In this experimental set-up the platform is rotaded/or translated. Jacksd][found longer
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latencies of muscular responses during platformlatements with respect to healthy subjects a

less ability to minimize antero-posterior sway afinexpected support surface rotation.

The aim of this study was to describe sensory impait in a sample of subjects suffering from

MS. Along with AP sway we investigated sway in thedio-lateral (ML) direction, length of the

path, and velocity of sways in both planes. Thes&ables may be more useful than AP sway algne

to describe sensory impairment in this populatibsubjects.

MATERIALSAND METHODS

A consecutive convenience sample of subjects wiittiphe sclerosis was assessed. To reduce

selection bias we recruited both inpatient and atigpts subjects referred for a rehabilitation

programor for a periodical assessment to the Departmektultiple Sclerosis or the rehabilitation

unit of the XXXXXX. Subjects who met the followingclusion criteria were enrolled in the study:

clinically or laboratory definite relapsing—renittj, primary or secondary progressive multiple

sclerosis 1], ability to stand independently in the uprighsitimn for 30 seconds, ability to walk

for 6m even with an assistive device. The sampissisted of 53 subjects, 13 males. The age wa

(mean and (SD)) 52.7 (21.1) years; the onset dfghadgy was 15.20 (6.53) years before the

Y

assessment. Fifteen subjects were dependent ativassievices (cane or walker). The percentages

of subjects with primary progressive, secondarymssive and relapsing remitting type of MS

were: 11.1, 51.8, 37.0 respectively . Sixteen thgaubjects (HS) were tested to provide normat

data. Subjects were selected among the employe€sXX, six were men, mean age was 45.8

(11.8) years. No subjects reported any musculottede neurological conditions that precluded

their participation in the study.

The assessment was carried out between April 2884 arch 2007.

Clinical Assessment
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To describe the functional characteristics of #mgsle a clinical assessment was carried out at the

beqginning of the study. After informed consent whfined one test of static balance and one tgst

of dynamic balance were administered along witbhlaaministered scale on balance confidencs

U

Berg Balance Scale (BBS); this scale rates balakile from O (cannot perform) to 4 (normal

performance) on 14 items with a maximum total scdreb I"‘”]. Dynamic Gait Index (DG); this

scale measures the mobility function and the dyndralance’"]. The performance is rated on a

4-point scale. The score ranges from 0 to 24 (bamte). Activities-specific Balance Confidence

scale (ABQC); this is a scale in which the subjetes his or her perceived level of confidence while

performing 16 daily living activitiesY"]. Scores range from 0 to 100, where 100 means|bigh

of confidence in balance skills. The psychometrmperties of the scales have been assessed in

people with multiple sclerosig*]. The functional level of subjects with respecbaiance

disorders is shown in Table 1.

Table 1. ABOUT HERE

Instrumental Assessment

The stabilometric assessment was carried out witlomoaxial platform. The Technoboby©

platfornt consists of three strain gauges placed undecalai surface of 50 cm of diameter at 120

degrees to each other (Figure 1) and has a 20rHgls® frequency. Subjects were tested wearing

their normal shoes and clothes. The position ofdékton the platform was standardised using a |V

shaped frame. The subjects had to place the nisalidérs of the feet against the frame, the

malleoluswere aligned to vertical bars (White dots in FIGURE The distance between one

malleolus and the other was 3cm. The medial borafeise feet were extrarotated 12 degrees with

respect to the antero-posterior axis. The subjgets tested sequentially from condition C1 to C6§

for 30 seconds in each condition as described alithesurrounding visual device used for




condition C3 and C6 consisted in a “dome”. It spaerical structure constructed from a paper

lantern that is positioned on the subject's hehd. Slubject can just see a cross added on the ins

of the dome. The cross is about 30 cm from theesiibjeyes. When properly fitted peripheral

vision is restricted completely and the dome mamagshase with the subject's head movements.

Outpatient subjects were recruited during periddisgaessments. Given the limited amount of

available time for outpatient subjects a shonedation was carried out: condition C3 and C6

were not carried out.

During the testing the subjects were told to stdlyasmd not talk, an operator stood behind the

subject to prevent falls.

FIGURE 1. ABOUT HERE

The instant positions of the CoP was used to cafeuhe following variables:

Sway AP (or ML) [mm]: mean CoP excursion in théeao-posterior (AP) or medio-lateral (ML)

axes: calculated as the standard deviation of rBwok ML) CoP position.

Length [mm]: length of CoP trajectory. Computedsam of the displacements of CoP on the

platform surface for each frame.

Velocity AP (or ML) [mm/s]: velocity of CoP alontp¢ AP (ML) axes. Computed as the first time

derivative of the CoP displacements.

Clinical and instrumental assessments were caotigth one session.

Data analysis

The Technobody platform measures vertical groundtien forces and is routinely used in clinicg

practice in our institution. The validity of thesasures was assessed comparing data obtained

the Technobody®© platform with a gold standard. Tatform under study was placed upon a

Kistler© platform. The Kistler platform sensorgdour triaxial piezoelectric transducers, its

analogue output is usually sampled at 996 Hz. Aad lapplied to the upper platform was

de
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measured also by the lower one. The CoPs meabwyré@ two platforms were transformed into

one unigue reference system to compare them. & standing test with eyes open was

administered.

The following indexes were computed consideringtiie COP measurements: Root Mean Square

(RMS) of the difference between signals and thedeeds correlation coefficient.

To assess the impact of the time length of thewwestompared two consecutive assessments

respectively of 30 and 60 seconds in a sample subiects with MS:; two minutes rest was

allowed between assessments. Intraclass Cormel@gefficient® (ICC, 1) and the Bland Altman

method" were used to assess reliability. Level of significawas set at 0.01.

The objective of the study was to characterizesthesory impairments of subjects with MS, for that

reason and also to reduce the number of statiséistd no statistical comparisons between groups

(HS and MS) were done except for the frequenciedbobrmal scores; the same was true for the

comparisons within the HS group.

The analysis was hamperbd the freqguent falls observed in conditions C5 @ed To take into

account those falls a transformation of data wamdaking the reciprocal of the actual values and

setting a zero in case of a fall. This approadqudently used with other stabilometric systems, may

lead to a distortion in the assessment; to vehify potential distortion transformed and not

transformed data were compared. Friedman test seb o assess the differences among

conditions. Cochrane’s Q test was used to combaredrcentages of falls among conditions. Level

of significance was set at 0.01 for all tests.

RESULTS

We compared the instant position of the COPs ofwleplatforms during the standing task. The

Pearson’s correlation coefficients were 1 and 0e8®ectively for the AP and ML axes. The RMSs




of the differences of the signals from the two folahs were 0.3 and 0.5mm for the ML and the AP

axes.

The comparisons of two consecutive 30 and 60s trials yielded similar results for four variables

(Table 2). Conversely Sway ML showed a 21.5% increase of sway. | ntraclass correlation

coefficients were satisfactory (>0.90) for Vel AP and Vel ML and acceptable for the rest of the

variables - (0.77 to0 0.79). A visual evaluation of the Bland-Altman scatter plots did not reveal

bias, outliers or relationships between the variances in measures with the size of the mean.

Table2. ABOUT HERE

Freguencies of falls and sub-group analysis.

The frequencies of falls in the six sensory coondgiwere: C1: 0%: C2: 6%: C3: 3%: C4: 6%: C5:

22%: C6: 13%. The overall effect for conditions viseshly statistically significant (Q test,

p<0.004). Among all comparisons, statistically gigant differences were found using the Q test

between condition C5 and all the other conditioxept C6: C1 and C5 (p<0.002), C2 and C5

(p<0.01), C3 and C5 (p<0.01) C4 and C5 (p<0.0@8most statistically significant differences

were found between C1 and C6 (p<0.04).

The percentages of subjects who scored highertthastandard deviations with respect to healthy

subjects or fell are reported Trable 3.

Table 3ABOUT HERE




The rate of abnormal scores in the eyes open dondanged from 16.7% to 75.0% across

variables. The highest rate of abnormal scoresolasrved for condition C6 for Vel ML, Vel AP

and Length. The conditions C5 and C6 also showedthidfhest means of abnormal scores across

variables: the mean of the row for condition C5 Wa<8% of abnormal scores, the mean for

condition C6 was 89.9%. With respect to variabteshlighest mean of abnormal scores across

conditions were observed for Length (78,5%), fokoMby Vel ML (77.4%).

For C1 (eyes open condition) 75% of patients hadamormal performance in Length, a variable

that describes the amount of excursion of the @d#®Ds and consequently the energy expenditu

With respect to the same variable the highest pgsiges of abnormal scores was observed in

condition C6 (97.0%). The percentage of subjects slfowed abnormal scores in all six sensory

conditions was 41.0%.

Of those patients that completed the test undesixattonditions (38) an overall statistically

significant difference was found among conditioms(.002). Statistically significant differences

were found between C1 and C6 (p<0.002), C2 andp€6.001), C3 and C6 (p<0.01), C4 and C6

(p<0.003). An almost statistically significant difénce was found between C5 and C6 (p<0.02).

Figure 2. panel A depicts the antero-posterior medio-lateral sways in the six sensory conditiof

for the MS and HS group. With respect to the anpersterior axis three main levels of sway

e.

NS

performances were observed for the MS group: tiselével was the eyes open condition (C1), the

second level was formed by conditions in which saesory input was altered (C2-C3-C4) and t

third level was formed by conditions in which twensory inputs were altered (C5 and C6).

In Figure 2. panel B the variables depicted in pAnabove are shown after transformatioft)Xx

The pattern was the same as above for Sway Afhbutdansformation affected the range of

variability within each sensory condition due te tiumber of Os in conditions C5 and C6.
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A pattern similar to that observed in panel A vimmd for Vel AP and Length (Figure 2. Panel C

and D), with a slight increase of values in theseglesed condition and a reduced length of sway

C5 with respect to C6 probably due to the reduatibsway amplitude on the ML axis.

To verify if there was a statistically significadlifference between the three levels of performanc

and not among the conditions forming the level camputed the Friedman'’s test for the variable

Length after reciprocal transformation. We foundbaarall highly statistically significant

difference (p<0.0001) among the six conditions.tos analysis revealed statistically significant

differences between the first level (C1) and tHeebptevels (p<0.0001), between the second leve

(C2, C3 and C4) compared to third (C5 and C6, p3@LY. No statistically significant differences

were found comparing C2, C3 and C4. The same waddar the comparison between C5 and CB8.

Figure 2. ABOUT HERE

Out of the whole group of 53 subjects with MS, Libjects (28%) showed a paradoxical effect, th

occurred when subjects had an abnormal score i@k normal score in one or more other

sensory conditions. Considering only the 15 subjabbve the paradoxical effect was mainly

observed in condition C4 (69%), followed by comulitiC2 (30%) and C5 (30%); surprisingly, in

conditions C3 and C6 a paradoxical effect was efeseonly in one case.

Finally the correlations between instrumental aimilgal measures were computed. We found on

a moderate, statistically significant correlatiaivileen Sway AP anthe BBS scale and just for

condition C4 (r=0.47; P<0.004).

DISCUSSION

The aim of the study was to describe the effeseofsory impairment on balance in a sample of

subjects suffering from MS. The results show tHea$ of the pathology on balance control.
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Balance disorders are evident considering the baghentages of subjects that had abnormal scc

in condition C1,probably due to both motor and sepgnpairments. The impact of the impairme

of sensory reweighing on balance was also obsetlhiedlteration of a single sensory input led td

an increase in the frequency of abnormal score82®t of the individuals. The alteration of two

sensory inputs led to a sharp increase of abnaonaks for almost all (97%) of the individuals ar

many of them fell during the test.

With respect to validity of measures the comparisetiveen a monoaxial platform and a triaxial

platform used as gold standard showed good commiwvalidity, with correlation coefficients closs

to 1. The mean differences between the signalseofvto platforms were small (0.3 and 0.5mm

respectively for ML and AP axis) compared with thean sway amplitude observed in subjects

with MS (about 4 and 8 mm, see Figure 2).

The comparison between 30 and 60s of assessmeanshiowed in general a slight increase of

values between the two trials, the percentagescoéiment were low (range 1-10%) except for

Sway ML that showed a relevant increment of 21%.

The variables that best distinquished between nealibjects and individuals with MS were

Length and velocity of CoP in ML and AP directioii$ie ability of these variables to differentiate

between groups was best observed in conditionsn@%& where subjects were primarily require

to use vestibular input.

The condition C1 allows the analysis of performaimcguiet standing in the eyes open, firm

surface condition. In agreement with Daley et dl\Jwe found a high percentage of subjects with

abnormal scores. The high frequency of abnormaksda this condition reflects the difficulty of

subjects with MS in maintaining balance even witlthe sensory inputs available. In this

condition the CNS appears to control better AP idihdsways with respect to the other variables.
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The increased velocity of excursion of the CoPathlplanes in more than half of the subjects

confirmed the difficulty of postural control. Moreer, the increase of CoP velocity in both planes$

increases the energy expenditure as demonstrated imgrease of the length of the CoP path (se

Figure 2, Panel D).

The analysis of the next three sensory conditidlosvad us to study subjects’ performance with

one sensory input removed or altered. We wouldigrdohat subjects with MS were visually

dependent [xi]. The sample actually showed a deerefiperformances in eyes closed condition

(C2) but similar performances were obtained alsooimditions C3 and C4 both for frequencies of]

abnormal scores@ble 3) and magnitude of considered variables (see Figur€he reduction of

performances with respect to C1 were also obsemedpublished study by Baloh et al [xxix].

They found a decrease in performance in conditvatis eyes closed and on the foam with respe

to condition C1 in subjects with vestibular disasdand subjects with cerebellar atrophy.

With respect to healthy subjects the subjects Wighhad difficulty in controlling posture with just

two sensory systems available. While healthy subje@intained the same level of performances

from C1 to C2, C3 and C4, subjects with MS showsthsstically relevant decrement of

performance with respect to the eyes open condilibase results indicate two issues: The first @

concerns the difficulty in controlling the CoP wibhly two sensory inputs available. The second|i

the ability of the CNS to use sensory strategidsetp the same level of performance irrespectiv

of the sensory input available.

One possible explanation for these results coulith®guality of information that arrives to the

CNS. Neural signals are inherently noisy thus limjthe reliability of information’{""1.

Reliability is further limited by the precision tife sensory receptor&[]. In healthy subjects the

small range of sway movements may not trigger fecsfeyond their physiological threshollbs.

fact, it appears that physiological levels of svaaw close to the thresholds of vestibular, joint a

muscle receptors’{]. In individuals with MS the noise in the senssggtem may be increased and
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level of accuracy may be decreased. This may beéadulke demyelination of tracts carrying

information from the periphery to the CNS and/agteyns that integrate the information. This

unreliability of sensory signals translates inteenainty and variability at higher levels where th

inputs are weighed and used to plan correct megpanses. The increase of noise may decrease

the ability of the CNS to have spatial informatadmout the relative position of body segments and

the relative position of body segments with respethe gravity vector and base of support. This

may cause difficulty for the CNS in using the gtawiector and information about the base of

support as a frame of reference in defining theylsmthema. This uncertainty leads to noise in

motor commands resulting in inaccuracy of forcasiling the CoM. Finally, correct estimation

of the position of body segments relies on themanson of sensory inputs with the afferent copy

sent by CNS to the motoneuron pool. Muscle weakapddatigability impose an increased moto

-

output further increasing the mismatch betweenasgrieputs and the efferent cop'l.

The second concern is the ability of the CNS tosgsesory strategies to integrate redundant

sensory inputs. Sensory strategies allow the seteand the integration of the relevant incoming

inputs thus allowing the balance system to adagiutput to a variety of environmental contexts

and tasks. In the administered protocol when stb@tanged the sensory environment, they

needed to re-weigh their relative dependence on ebihe senses. The ability of healthy subject

U7

to adjust the relative weight of sensory inputs dasonstrated by the stability of performances in

conditions C2-C4. Also individuals with MS were @lbd maintain the same level of performance

in different sensory conditions. It appears thdhiiduals with MS are able to effectively use

sensory strategies to maintain the same levelddmeance irrespective of the available sensory

inputs.

Even though performances were the same acrosstiomsdivith only one sensory input altered thjs

does not mean that there should not be an empbrasise sensory system over another in

rehabilitation. The precedence for the rehabibiaf one sensory system over another should ble



given considering spared function of the individsigensory system, its possibility to recover and

the importance of the sensory input in activiti€gaily living.

The analysis of Conditions 5 and 6 highlighteddHfculty in maintaining balance in vestibular

conditions. Our results are in agreement with thaiained by Nelson et al [xiii] and Frohman et|al

[XX"”]: we found a high rate of falls and a sharp insecaf sways in vestibular conditions. From a

signal noise point of view the impairment obseriredestibular conditions reflects the difficulty in

keeping the upright stance with just one sensqguytinThis difficulty is present in the HS group

with no vestibular impairment and is further irmsed in the MS group (see Figure 2), maybe due

to demyelination of the VIl cranial nerve, the tibalar nuclei or the vestibular projections toath

neural systems. At present there is not the pdiggibf easily removing the vestibular cue which

would allow the assessment of subjects' balandenpegince with just a visual or a somatosensoly

cue. However leaving only a visual or only a somatsory cue would probably result in patterns

similar to that observed in C5 or C6 where onlyvhstibular cue is available. The high values of

standard deviations observed for the MS group aabbsonditions is due to a high variability of

performances between individuals and within indirgld among the six sensory conditions. Thug a

stabilometric evaluation of performance is necgsgnassess the unigue characteristics of each

patient.

With respect to the observed paradoxical effea@gdhationship between availability of sensory

inputs and stability was not clear . Almost onedhif subjects with MS who had an abnormal

score in the eyes open condition showed an imprenewf performance in other, more challengi

—)
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sensory conditions. Of those presenting with thisdoxical effect in more than two/thirds the

events were observed with the inclusion of the feat under the feet. The reason for this effect

observed is not clear. The paradoxical event maght because of the difficulty of the CNS in




using all three inputs to generate a correct paktasponse leading to postural over correction (¢

hypermetria) in response to detection of smallldments of CoM. Hypermetria has been

observed in subjects with cerebellar involvememirdubase of support displacements with large

than normal surface-reactive torque responsesamgberated and prolonged muscle activity

Vil Hypermetria is a consequence of cerebellar damad lesions in this area of the brain ha

been observed in about 80% of the subjects witHiM# condition C1 the cerebellar lesions and

the sum of incoming inputs may lead to abnormalaase, the foam pad may reduce the gain of

somatosensory information leading to a reductionymfermetric corrections. Moreover, the foam

could be viewed as a dumping system able to retihgchigh frequency of sway observed in

subjects with cerebellar damad&.

In contrast to other studies [xiiXxiii] we observadack of correlation between clinical and

instrumental measures. The stabilometric platfonch the clinical scales used in this study apped

to assess two different aspects of balance cotitielpossible that lower correlation coefficients

were due to a lack of sensibility of the clinicabkes. Moreover, the Berg Balance Scale assesse

balance not only in the quiet upright position also during turning, bending and other tasks.

Subjects with MS have more difficulty during heastlly turns with respect to unperturbed stance

[xx]. The lack of correlation observed betweenBeeg Balance Scale and the stabilometric

measures may thus be due to different performandesks requiring head/body turns with respe

to unperturbed stance.

A major limitation of the study is the selectiom®i The data collected can only be generalized t

other populations of subjects with MS with simitdinical characteristics. The differences observ

from other studies may in part reflect the funcélodifferences in the samples.

Another limitation of the study was that the ontiydied task was quiet standing. Although

stabilometric assessment in quiet standing is itapbdito collect information about the state of
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sensory systems, the instrumental assessmentafdihically significant tasks, such as head tur

and forward bending, might better describe senandymotor impairments in tasks more related

activities of daily living.

In conclusion, subjects with MS have relevant bedagisorders observable also when all three

sensory systems are available. The decrease débieaiinputs leads to a sharp increase in swa

and frequency of falls. The pattern of the subjgmsformance in the six sensory conditions

suggests that balance control may be more cordcelatthe number of reliable sensory inputs tha

the nature of the sensory input itself. Situatimn&hich individuals with MShave to stand in

upright position in the dark and/or on a complisuniface (e.q. a thick mat) increase the likelihog

of falls. Other common situations occur when suisjatove the head, or the surrounding visual

scene is moving. The mismatch caused by thesdisitsachallenge the balance systems and car

lead to loss of stability.

The high variability and the paradoxical effect @vygd imposes the necessity of individual

assessments of balance skills in subjects withIM8eneral our findings suggest that a specific

and tailored treatment for sensory disorders hégtoconsidered. The ability of subjects to switch

from one sensory input to another may be an indigaftthe capability of recovery of function of

the CNS.
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TableErrore. Solo documento principale.. Functional characteristics of sample.

Mean SD
Berg Balance Scale 47.0 6.0
Dynamic Gait Index 15.1 5.5

Activity Balance Confidence 49.8 2_3.7




