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ABSTRACT: This study aimed to investigate the possible &pweous recovery in postural control in post-stroke
survivors during quite standing at different pesdicbm stroke event, using the center of pressuey nalysis (the
antero-posterior and median-lateral direction patémalysis). Twelve participants in the chronistpstroke phase and
twelve age-matched healthy subjects were barefubirere instructed to maintain an upright stangiogjtion for 60s
on a force platform. The data were collected in twanditions: eyes open and eyes closed. The spafteipants were
evaluated in 3 different periods. The time and diExtcy domain analyses of center of pressure sigaa performed
in order to obtain center of pressure descriptotsoith the antero-posterior and mediolateral divast Statistical
analysis was performed to compare groups, perindsanditions. The results pointed out a worstymastcontrol
when the visual feedback is off for pathologicalg: patients in the post-acute phase of stroke tiemely more on
visual information for postural control. The spargaus balance recovery in individuals with postastroke is
characterized by increased visual dependency cadgamormal subjects.
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|. INTRODUCTION

The ability to remain standing during active moveiseor adverse stimulation requires the integritthe
sensorimotor system of postural control [1]. Sepsmpairments are common after stroke, occurringgproximately
60% of people suffering from stroke [2, 3], inclngitactile and proprioception [3]. Furthermore,sseg dysfunction
in the lower limb after stroke has been relatedaiestraints in standing balance [4].

Impaired postural control is a key characterisfithe mobility problems in stroke patients andasiged by a



complex interplay of motor, sensory, and cognitmpairments. Previous studies in stroke patient® lidentified
reduced loading on the paretic lower limb and iasesl postural sway during quiet standing as weletesyed and
disrupted equilibrium reactions [5, 6, 7,8]. Togstlith a general slowness of information procagsihnis
combination of postural deficits causes slow arfi@xible motor behavior during various activitiekdaily life [9].
The lack of postural stability can lead to fallsidg hospitalization, both in the acute care ardhbdlitation stages,
and after discharge [10].

Because of the importance of postural instabikityhis population, a systematic evaluation of bedeis

needed to identify specific problems and to orgatiie optimal rehabilitation program that fits ndividual needs.
During quiet stance on a flat surface, anteriortgriar (AP) and medio-lateral (ML) center of press(COP) sway
describe the postural adjustments as the finalymtoaf the integration of the ongoing input comfrgm the sensory
systems (visual, vestibular and proprioceptiveesys). In a laboratory setting, posturography iregsianding
guantifies the amount of postural sway and weiggttibution, and, the computation of specific puadtindexes
referred to COP signal should reveal the behavipostural systems in a pathological contest.

The measures most commonly used with stroke pataetdifferent parameters extracted from the COP

signal in the horizontal plane analyzing it in tiared frequency domain. After a stroke, patientetdamonstrated a
significant increase in sway, weight-bearing asymnynd 1, 12] and exaggerated corrective ankle mpisna as
assessed by the analyzing the higher frequencyd&f Gomponents [13]. However, a powerful charadterid the
postural control system is its ability to deal withripheral lesions by the use of compensatoryegfies. One of the
most prominent sources for compensation is theavisdiormation: shifting to a more visually domiedtcontrol
strategy can compensate for a decrease in semgorgniation from the lower limbs [12, 14, 15,16, 17]

Changes in motor ability might occur via severath@nisms: restitution, substitution or compensati@j.
Restitution referred to the restoration of functiomeural tissue that was initially lost and, cemqsently, the
restoration of the ability to perform movementlie same way before injury. Substitution and comgiéms include
the acquisition by neural tissue of a function ihdid not have before the injury and, consequetile performance of
a movement in a new way.

Recently, interest in the mechanisms underlyingiae recovery following stroke has grown, becansight

into these mechanisms is necessary to developieffaehabilitation strategies for different typafsstroke [5, 13].
Studies dealing with the recovery of standing bedafinom stroke are, however, limited to rehabilitatinpatients with
a unilateral supratentorial brain infarction or teerhage[13]. In most of these patients, stancdlgyaimproves in
both planes as well as the ability to compensatexternal and internal body perturbations andotatrol posture
voluntarily [5, 13]. Although there is evidencetaie physiological recovery of paretic leg musciadtions in postural
control, particularly during the first three montisst-stroke, substantial balance recovery alsarsdo patients when
there are no clear signs of improved support fenstior equilibrium reactions exerted through theefi@leg. This
type of recovery probably takes much longer thamoBiths [19, 20].

In this study, we explored the recovery of postemaitrol using the COP sway analysis in participamthe

chronic phase of stroke, up to 6 months afterdbhkrémic event, with mild motor deficits. Our aimsata monitor the
spontaneous recovery of postural control perforlnedubjects with stroke during quite standing iffiedent
conditions (eyes open and eyes closed) making fuse €OP sway analysis in the AP and ML directjonorder to
investigate the spontaneous compensations indagaaistural control and to analyze if the postusafgrmance
occurs in a new way. We hypothesized that subjeittsstroke would present excessive reliance onalisput as the

most natural compensatory strategy for coping wibr balance at all the stages we acquired: rediancvisual input



is a spontaneous learned response and the unigsibitity to substitute the maintenance of postuhen afferent
input from non-visual source are reduced.

. METHODS

Subjects

The present study was approved by the Ethics Res€@ummittee of the University Ethics (protocol No.
319/2011) and the volunteers gave written informaasent to participate. Before the experimentpaitticipants
gave their informed consent to participate to tkeysand all investigations were performed in comfity with the
ethical and humane principles of research.

Twelve participants in post-stroke were analyzdtk @verage characteristics of the participants wgee 62.83 +
6.86 years; body mass: 69.50 + 13.96 kg and helgB8 + 0.06 m; seven males and five females; {dgjstry time:
6.1 + 2.8 months after stroke. Out of an inceptiohort of 12 stroke patients (viz. data from twdigrats were
excluded due to missing values). The inclusioregatwere: aged between 40 and 75 years; postestimle less than
12 months; affected by only one stroke (ischeng@sence of gait alterations. The subjects werkiated three
times with an interval of three months: the firgltat the 6.1 £ 2.8 months after the stroke ey8i); second trial at
the 9.17 + 0.68 months after the stroke (S2); #ricH trial at the 12.40 + 0.6 months after th@kér (S3). In each
trial the postural control in the eyes open (EQJ ayes closed (EC) conditions were evaluated.

In order to compare these data with a normativereeice, we considered an age matched group ohjealt
subjects (CG) from our database, previously cai@éor other studies. The CG was composed by 1hyesdults
(5 females and 7 males) and the average chardicterigere: age = 63.58 + 6.95 years; body mass.687/814.31 kg;
height = 1.69 = 0.05 m. The selection criteriatfas group were no signs of any orthopedic or nlegiioal diseases
or disorders, no impairment of somatosensory, hgaviestibular and uncorrectable visual functioms$ ao
developmental disabilities.

Procedure

The participants were instructed to maintain angiprstanding position for 60s on a force platfdistler

9286BA) with arms at their sides and feet posittboeer sketches representing the foot with an anigB9° respect
to the AP direction. The data were collected imto tonditions. In the first one, the participansravasked to
maintain an upright standing position with eyesroff@E), looking at a figure positioned 1.5m farawiaythe
patient's direct line of sight. In the second ctindi the participants were requested to keep theis closed (EC).
One trial per condition was collected.

Participants were requested to sit for a periodbmfut 120s after the completion of each conditioarder to rest
and to cancel fatigue effects, during the 3 evangberiods: S1, S2 and S3.

Data Processing

An algorithm developed in Matlab (Mathworks Incati¢k, USA) was used to filter the raw data anddtculate

the COP descriptors. This algorithm was developguketform three functions: the first was to filtbe raw data; the
second the data normalization and the last the G®Bbles calculation. These procedures are ddthddow.

Data Filtering: during the data collection the ®platform signals were sampled at 100 Hz and uiheffc

frequency of the low-pass filter was chosen aftersidual analysis [21]: low-pass filtered at 6 t$ing a dual-pass
second-order Butterworth digital filter, After thisocedure, the first 10s were considered as aptaiilan period and
the last 10s were considered as a fatigue peridldedB0-s time series and were discarded for the atwalysis after
the filtering processes. Tasks that involve disindes to the posture do not require a long duratidew seconds

before and after the perturbation are enough tifywvie alterations and the stability of the COR][Zor stroke



patients there is a huge variation of the osailfatiuring the first second of trial and the lastosel. According to the
patients evaluated during this study, they stoag tieed and afraid to fall during the last 10 seds of the
acquisition, especially during the eyes closed &@mrd That's why we decided to cut off the 10 Isstonds of these
trials.

Data Normalization: in order to avoid the influerafehe participant's height on these resultsytr@ables were
normalized to participants height [23]. Moreovée iean position of the COP is not of interestt Bssimply
dependent on the absolute position of the subjethe force plate, which, in general, is not coifech Thus, it is a
common procedure to remove the mean position o€BE signal before any analysis procedure. A simjlg to
remove the tendency of the COP signal is to uséutietion detrend from the Matlab.

COP variables calculation: the COP displacements wemputed in the antero-posterior (AP) and méatieral
(ML) directions and then the time and frequency donanalysis were performed. A complete descriptibtine
algorithms appears in a previous study (for motaitdesee 24). The following variables were caltada

Total displacement of sway (DOT): length of CORectory on the base of support; this index is egldb the
energy consumption.

COP area: this variable area estimates the digpeasithe COP data through the calculus of the@kiaésigram
area. There are different ways to calculate ttés aand one of the most common is through thesttati method of
analysis of the principal components. Using iis ipossible to calculate an ellipse that containsréain percentage
(for example, 95%) of the COP data, being the twesaf the ellipse calculated through the measviréise COP
signals dispersion. This index is related to thergyn consumption.

Range of COP displacement in AP (COPap) and ML (@fpHirections: the difference between the maximum
and minimum COP displacement for each direction;

Root mean square for AP (RMSap) and ML (RMSml) ditns: dispersion of COP displacement from thermea
position during a time interval. Higher is the RMighest is the internal perturbation and the ndgmbstural
adjustments.

Total mean velocity (TMS): The TMV is calculateddhgh the displacement of the total sway of the QDBbth
directions divided by the total duration of thalriHigher is the velocity highest is the postyrafturbation and the
falls risk.

Mean velocity for AP (VMap) and ML (VMml) directien to determine how fast were the COP displacenents
the AP and ML directions. These variables wereutated to quantify the direction of the perturbatio

COP power frequency in 80% (F80) of the spectralggdrequencies for the AP and ML directions: tloaifier
analysis allows the decomposition of any signal aam of the sine and cosine functions with difiesemplitudes,
frequencies, and phases. Thus, it is possible tmromformation about the frequencies that commosignal. The
predominant frequency or peak frequency is that tie highest amplitude among all frequenciesdbatpose the
spectrum. Baratto et al.[25] suggested that thgufeacy band with 80% of the spectral power is the that best
characterizes the modifications on the posturatrobeystem. The frequency analysis should explaéndynamics
with which the COP signal is generated in ordengintain the equilibrium.

Statistics

The data did not present normal distribution (Koffmmv-Smirnov test), so the non-parametric stagstiere
applied. First the comparisons between EO and E€doh group were performed by the Wilcoxon sigrauk test.
The comparisons between Control Group and Strakedoh period of testing were performed by the Méftitney

Test. This test performed comparisons between alogitoup and each stroke evaluation (S1, S2 andd8&ach



condition (EO and EC) separately. Finally, the \®¥on signed-rank test performed comparisons betwaeh
stroke evaluation (S1, S2 and S3) for each cond{t®® and EC) separately.

All the statistical tests were analyzed in The SRS&®ftware (SPSS for Windows, version 19.0) penied the
statistical analysis with a significant levelwf0.05 for all tests.

lll. RESULTS

The Figure 1 is an example of one stroke performatatokinesigram along the six month intervalr(fr®1

to S3) under EO and EC conditions in comparisoh wied matched healthy control subject. In thisyaisa(the map
of COP AP versus COP ML), the healthy subject &edparticipant with stroke produced different paitseof COP
sway under EO and EC conditions. In both conditi@@ and EC, for the first trial (S1 — Figures hd d.d), the
participants with stroke presented higher varigibiti both COP directions in comparison with thalkiey control
(Figures 1la and 1b). From S1 to S3, a COP vaitiabdduction in stroke subjects can be seen uages open
conditions, however the same effect is not cleasmdbserving the EC condition.

However, in the EO conditions during the second<{$2gure 1e) and third (S3 — Figure 19) trialg, th

participant with stroke presented a very similatgya as the healthy control subject. HoweverhgEC condition in
the trials 2 (S2 — Figure 1f) and 3 (S3 — Figurgthk stroke patients still presented higher valitglin both COP
directions in comparison with the healthy conttbé individuals with stroke displaced the mean d@ftion several
times as in the first trial.

Statistical differences under EO condition wereentsd between groups in trial 1 in all variable@D

(Figure 2a), Area (Figure 2b), COPap (Figure 2€Panl (Figure 2d), RMSap (Figure 2e), RMSml (Figafe VMap
(Figure 3a), VMmI (Figure 3b) and TMV (Figure 3end differences trial 1 and trial 2 where seen @TDVMmI and
TMV within the stroke group.

Moreover, differences in EC condition were alsoestaed between control group and stroke group ah triin

all variables: DOT (Figure 2a), Area (Figure 2bDRap (Figure 2c), COPmI (Figure 2d), RMSap (Fideg RMSmI
(Figure 2f), VMap (Figure 3a), VMmI (Figure 3b) amtV (Figure 3c); differences between trial 1 andlt2 were
also seen in all variables: DOT (Figure 2a), Afgigre 2b), COPap (Figure 2c), COPmI (Figure 2dy,.FRp (Figure
2e), RMSml (Figure 2f), VMap (Figure 3a), VMmI (kige 3b) and TMV (Figure 3c) within the stroke groapd
differences between trial 1 and trial 3 were foim®OT (Figure 2a), Area (Figure 2b), COPmI (Fig@d, RMSap
(Figure 2e), RMSmI (Figure 2f), VMap (Figure 3ajyivhl (Figure 3b) and TMV (Figure 3c) within the gtegroup.
There were significant differences between the BOEC conditions for trial 1, trial 2 and trial & fCOPap (Figure
2c) and VMap (Figure 3a); VMmI (Figure 3b) for dteogroup trial 1 and trial 3; and, just for strakeup trial 1 for
RMSap (Figure 2e).

The Figure 4 illustrates the COP spectral poweaydemcies variables for each trial and condition @@ EC).
Significant differences between groups for the E@dition were found for: between CG and S3 for FRQMigure
4b); and between S1 and S3 for FBOML (Figure 4kgrédver, significant differences between groupgtierEC
condition were found for: between CG and S1 forAB({Figure 4a); between CG and S2 for F8OAP (Figiae and
between CG and S2 for FBOAP (Figure 4a).

There were significant differences between the BOEC conditions for all the trials in the F80ahii

pathological group. No differences between condgiwere found for control group.

Fig 1. Representative statokinesigram from onethgabntrol subject and one stroke individual aléngonths follow up under EO and EC
conditions. Legend: S1 = first trial; S2 = seconalt S3 = third trial; EO = eyes open; EC = eyksed.
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IV. DISCUSSION

This work studied the spontaneous postural contadvery performed by persons with Stroke unddediht
conditions (eyes open and eyes closed) in a follpvperiod without rehabilitation treatments. Theutes permitted us
to analyze and evaluate the compensatory functiead in maintaining the vertical posture in theecafsa pathology
that makes unreliable the use of vestibular angnwoeptive afferent input. Our experimental desafjowed us to
evaluate the spontaneous plasticity in reweighttiegcontributions of proprioceptive, vestibular afigbal input as
well as their integration in maintaining quiet starg, making the use of the COP sway analysiae tand frequency
domain, considering both the antero-posterior (&) median-lateral (ML) directions.

Based on the time domain analysis we observedttati differences, considered as improvementsdine
variables approach to normal pattern, concerniagttay length and COP displacements in both dinestinder EO
and EC conditions in the 3 periods of acquisiti@m@sumenting happens in spontaneous postural ¢aatravery.
Along the recovery period, stroke participants skdwigher values of the computed time domain patensi¢han
control group in both conditions and directionsstomal control for pathological group resulted coampised and with
a higher energy cost, as confirmed for examplehbyhigher values of DOT and Area.

Comparing EO and EC conditions in pathological gratiall the analyzed periods, time domain analysisted

out a worst postural control without the visualdback (as reported by COPap, VMap and VMm); otligeveontrols
did not show statistical differences between caolé, showing adaptation in sensory informatioraaigation when
one of the systems was suppressed: patients jposteacute phase of stroke tend to rely more amVvisformation
for postural control in both planes, as reportegaweral works [12, 13, 17], evidencing the losthefability to switch
the mode.

A “simpler” explanation for the increased visuapdadence in patients with stroke is a disease peniic strategy
to compensate for the loss or distortion of otlersery input [5, 12, 13, 17]. As literature repdrtspontaneous
recovery happens as the reweighting of the incormpgt from the three systems governing the poktaatrol, but
the CNS seems to drive the easiest way, excluti@gaossibility to restore autonomously the resigwaprioceptive
capacities: removing visual information may beiaiy disruptive to posture until remaining sensorputs can be
reorganized [26]. Our results are in line withrigture: deprivation of vision in EC condition pries increased COP
amplitudes and velocities during the unperturbadding. In control group the absence of visual fnpiEC
acquisitions did not provoke a perturbed COP sigsah stroke survivors: the intact propriocepsystem, together
with vestibular system, acted in maintaining vexttigosture also without visual information, in teeEnse the CNS
acted reweighting the gain of the three postursiesys.

Otherwise, the participants with stroke in the saardition could not count on the input coming frima distorted
proprioceptive system, that induced the individweith stroke to unconsciously increase the gaithefvestibular
contribution in maintaining vertical posture, apaged by the increasing of the COP amplitudesvahokcities and,
consequently, the risk of falls increased for théhplogical group. Working on the restoring of piopeptive residual
capacities could lead the patients to another @egfrautonomy and probably to a better degreemaftional recovery,
decreasing also the gain of vestibular contributioguiet standing and consequently decreasingisheof falls.
Concerning the results we obtained in frequencyalonm AP direction, we reported no difference&80ap index
between the three periods considered both in ECE&hdonditions for the stroke survivors group. Titeguency
analysis showed higher frequency for pathologicalig in comparison with control group in both cdiutis
confirming not synergic muscle actions in posta@itrol without the visual input. Ankle strategytli® main

mechanism in maintaining vertical posture and iegulated by the coordination between tricepsesaral tibialis



anterior activations: post-stroke survivors ladk gynchronized activations due to the impairmeetived from a
decrease in muscle spindles activation threshphlktiity or other disorders of sensory informatiwganization that
could underlie a distorted representation of théytia space [17]. The differences between OE andwiliin the
pathological group pointed out their unreliablegtoceptive input in maintaining vertical postutiee higher
frequency showed in CE condition evidenced theinaous adjustments induced by the disrupted anideeg)y,
resulting in an exaggerated corrective ankle meishgrdue to the various and mixed components afteloalance in
post-stroke participants.

These results indicated us that the spontaneoosescof the residual proprioceptive capacitiesmlit take place
during the three acquired periods. Such patiertibéexcessive reliance on visual input and theselthe ability to
use somatosensory and vestibular input correctly/jiit probably removing visual information andigty to the
remaining sensory inputs the possibility to be gaoized should be an attempt to perform, eventi@beginning it
should be disruptive. The rehabilitation could ‘tigt act, taking into account that spontaneous vecp works on
visual input and guiding the individual to take adtage of residual proprioceptive abilities, evidhshould be
initially more disruptive.

We have implemented an automatic text detectiomiigce from an image for Inpainting. Our algorithm
successfully detects the text region from the imalyieh consists of mixed text-picture-graphic regioWe have
applied our algorithm on many images and found ittmtccessfully detect the text region.

V. CONCLUSION

Balance recovery in individuals with stroke withdntiervention is characterized by a reduction istpmal sway

and instability during the EO condition. But théeo reduction in visual dependency. Patienthénpost-acute phase
of stroke tend to rely more on visual informatian postural control in both planes in all the amaly sessions.
Deprivation of vision provokes increased COP amgés, velocities and in the time and frequency domaalyses,
especially for the AP direction, during unperturtséanding.

Moreover, the most important impact on posturaltie@mecover should be reached in the first 6 men@®ur future
studies will focus in the intervention of this matis during this period focusing the standing wighs closed should be
interesting, since others sensorial systems (egibwlar and kinesthetic) can be training and #is individual with
stroke can better explore new control mechanisntise@estoration of support functions and equilibrireactions of
the paretic leg.
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