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ARTICLE

The competition with a concurrent cognitive 
task affects posturographic measures in 
patients with Parkinson disease
A competição com uma tarefa cognitiva afeta medidas posturográficas de pacientes com 
doença de Parkinson
Alessandra Ferreira Barbosa1,2, Carolina de Oliveira Souza2, Janini Chen2, Débora Valente Francato2, Fátima 
Aparecida Caromano1, Hsin Fen Chien2, Egberto Reis Barbosa2, Júlia Maria D´Andrea Greve3, Mariana Callil Voos1,2

Parkinson disease (PD) is a progressive degenerative dis-

PSEFS�PG� UIF�DFOUSBM�OFSWPVT�TZTUFN
�BOE�BąFDUT����� UP������
PG�UIF�FMEFS�QPQVMBUJPO�	BCPWF����ZFBST�PG�BHF
���*U�JT�UZQJDBMMZ�
characterized by tremors, muscle rigidity, bradykinesia, diski-

nesia and loss of adaptive responses as muscle strength and 

aerobic capacity
�
���0OF�PG�UIF�NPTU�JNQPSUBOU�EJTBCJMJUJFT�UIBU�

appear on the course of the disease is the postural instabili-

ty, which is also one of the main challenges in PD rehabilita-

tion
3,4��3FDFOU�TUVEJFT�IBWF�TIPXO�UIBU�OPO�NPUPS�EJTPSEFST�

are also present in these patients
�
�
�F�H��IVNPS
�TMFFQ
�FYFDV-

tive function, social behavior disorders
6�

āF�NFDIBOJTNT�BTTPDJBUFE�XJUI�QPTUVSBM�JOTUBCJMJUZ�BSF�
TUJMM�OPU�GVMMZ�VOEFSTUPPE��4UVEJFT�TVHHFTU�UIBU�UIF�EZTGVOD-

tioning of the pedunculopontine nucleus, leads to the loss 

of anticipatory and compensatory postural responses auto-

mation, and disrupts sensory-motor integration (visual, pro-

prioceptive and vestibular information processing and mo-

tor response selection)
3,7,8,9��1PTUVSBM�DPOUSPM�EFÎDJUT�FOIBODF�
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ABSTRACT
Objectives: To estimate the impact of a sensory-motor- cognitive task on postural balance, in Parkinson disease patients (Hoehn and Yahr 
2-3) and to investigate possible relationships between posturography and functional balance clinical scales. Method: Parkinson disease 
patients (n = 40) and healthy controls (n = 27) were evaluated with fluency tests, Berg Balance scale, Mini Best test and static posturography 
on the conditions eyes open, eyes closed and dual-task (simultaneous balance and fluency tasks). Results: Posturographic data showed 
that Parkinson disease patients performed worse than controls in all evaluations. In general, balance on dual-task was significantly poorer 
than balance with eyes closed. Posturographic data were weakly correlated to clinical balance scales. Conclusion: In clinical practice, 
Parkinson disease patients are commonly assessed with eyes closed, to sensitize balance. Our study showed that adding a cognitive task is 
even more effective. Static posturographic data should be carefully overgeneralized to infer functional balance impairments.

Keywords: Parkinson disease, postural balance, cognition, aging.

RESUMO
Objetivos: Estimar o impacto de uma tarefa sensório-cognitivo-motora no equilíbrio, em pacientes com doença de Parkinson e investigar 
possíveis relações entre dados posturográficos e escalas de equilíbrio funcional. Método: Pacientes (n = 40) e controles (n = 27) foram 
avaliados com testes de fluência verbal, escala de equilíbrio de Berg (BBS), Mini Best Test (MBT) e posturografia estática nas condições olhos 
abertos, olhos fechados e tarefa-dupla (equilíbrio e fluência verbal, simultaneamente). Resultados: Dados posturográficos mostraram que 
pacientes apresentaram pior desempenho que controles em todas as avaliações. O equilíbrio na dupla-tarefa foi pior que na privação 
visual. Dados posturográficos apresentaram correlações fracas com a a BBS e MBT. Conclusão: Pacientes com Parkinson são comumente 
avaliados com olhos fechados para sensibilizar o equilíbrio. Nosso estudo mostra que a adição de uma tarefa cognitiva é mais efetiva. 
Dados da posturografia estática devem ser generalizados com cuidado nas interferências sobre equilíbrio.

Palavras-chave: doença de Parkinson, equilíbrio postural, cognição, envelhecimento.
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USVOL�BOE�LOFFT�ÏFYJPO�BOE�JODSFBTF�UIF�OFFE�GPS�BUUFOUJPO-

al control over posture
4��1PTUVSBM�JOTUBCJMJUZ�JT�B�NBKPS�DBVTF�

PG� EJTBCJMJUZ� JO� UIFTF� QBUJFOUT
� FYQPTJOH� UIFN� UP� JODSFBTFE�
fall risk, insecurity and restrictions on movement and daily 

life activities
���

4JNJMBSMZ
�DPHOJUJWF�EFÎDJUT
�TQFDJÎDBMMZ�JO�FYFDVUJWF�GVOD-

UJPOT
� DBO� TJHOJÎDBOUMZ� BąFDU� GVODUJPOBM� JOEFQFOEFODF� BOE�
DPNQSPNJTF�TFDVSJUZ��&YFDVUJWF�GVODUJPO�JT�B�CSPBE�DPODFQU�
that includes the ability to monitor and process internal and 

FYUFSOBM�JOGPSNBUJPO
�BUUFOE�UP�NVMUJQMF�UBTLT�DPODVSSFOUMZ
�
set and achieve goals, solve problems, and regulate environ-

NFOUBM�EFNBOET��"T�1%�QSPHSFTTFT
� UIF� FYFDVUJWF� GVODUJPO�
and postural control deteriorate and the degree of cognitive-

motor dependency increases
��
���

Diverse tools as Timed up and Go test (TUG), Berg 

#BMBODF� 4DBMF� 	##4

� 4JY�.JOVUF� 8BML� 5FTU
� %ZOBNJD� (BJU�
*OEFY� BOE
� NPSF� SFDFOUMZ
� .JOJ#FTU� UFTU� 	.#5
�� evaluate 

QPTUVSBM� DPOUSPM� JO� 1%� QBUJFOUT�� #FZPOE� UIFTF� DMJOJDBM� BT-

sessments, the gold-standard evaluation of postural control 

JT� UIF� DPNQVUFSJ[FE�QPTUVSPHSBQIZ��āJT�LJOFUJD� FWBMVBUJPO�
measures the center of pressure oscillation in order to assess 

UIF�FăDJFODZ�PG�QPTUVSBM�DPOUSPM�BEKVTUNFOUT���
"MUIPVHI�NBOZ�BVUIPST�IBWF�VTFE� UIJT� UPPM� UP� FWBMVBUF�

the postural instability of patients with PD, the results are 

still inconclusive
���� 'VSUIFSNPSF
� WBSJBUJPOT� JO� UIF� BEPQUFE�

NFUIPET�BOE�WBSJBCMFT�NBLF�JU�EJăDVMU�UP�DPNQBSF�TUVEJFT��
*DLFOTUFJO�FU�BM�7�TUVEJFE�B�NFUIPEPMPHZ�UIBU�DPVME�EJąFSFOUJ-
BUF�QBUJFOUT�XJUI�1%�GSPN�IFBMUIZ�DPOUSPMT��āF�DIPTFO�UBTL�
XBT�BO�BEBQUFE�WFSTJPO�PG�3PNCFSH�UFTU� JO�UXP�DPOEJUJPOT
�
eyes open and eyes closed, evaluated by variables drawn from 

UIF�PTDJMMBUJPO�USBKFDUPSZ��āJT�NFUIPE�XBT�BCMF�UP�EJąFSFOUJ-
BUF�UIF�UXP�HSPVQT
�FTQFDJBMMZ�JO�WJTVBM�EFQSJWBUJPO�

+PIOTPO� FU� BM���� BJNFE� UP�EJąFSFOUJBUF�1%�QBUJFOUT�XJUI�
falls history from more stable patients and healthy controls 

using a combination of clinical tests and static posturogra-

QIZ�� "SFB� PTDJMMBUJPO� NFBTVSFNFOU� EJąFSFOUJBUFE� IFBMUIZ�
DPOUSPMT� GSPN�1%�QBUJFOUT�XJUI� GBMMT�IJTUPSZ��āF�TUVEZ�BMTP�
GPVOE�QPTJUJWF� DPSSFMBUJPOT�CFUXFFO�##4
�56(�BOE�PTDJMMB-

UJPO�BSFB��āF�SFBDUJPO�UJNF�XBT�BO�JNQPSUBOU�WBSJBCMF�UP�EJT-

tinguish the three groups; this variable was related to cogni-

UJWF�QSPDFTTJOH��$PHOJUJWF�UBTLT
�XIFO�BTTPDJBUFE�XJUI�NPUPS�
UBTLT
�DBVTF�NBKPS�EJTUVSCBODF�JO�1%�QBUJFOUT��4VDI�OFHBUJWF�
cognitive-motor interaction is documented in balance and 

gait in PD patients
��
��
��
���

.BOZ�TUVEJFT�IBWF�GPVOE�UIF�FąFDU�PG�TFOTPSZ�EJTUVSCBODF�
in static balance, but few evaluated the cognitive task addi-

UJPO�FąFDU��.BSDIFTF�FU�BM�3 evaluated the static posturogra-

phy in patients with PD and age matched controls in static 

posturography conditions, associated with a simple motor 

task, and a cognitive task, with and without visual depriva-

UJPO��āFZ�GPVOE�HSFBUFS�EJTUVSCBODF�PO�CBMBODF�EVSJOH�UIF�
BTTPDJBUJPO�PG�UIF�DPHOJUJWF�UBTL�BOE�OP�FąFDU�SFHBSEMFTT�PG�
WJTVBM�DPOEJUJPO�

%FTQJUF�UIF�EJąFSFOU�NFUIPEPMPHJFT�FNQMPZFE
�UIF�MBUFTU�
results point to the worsening of postural control in condi-

tions of sensory disturbance, and in association with cog-

OJUJWF� UBTLT
� QPPSMZ� EFTDSJCFE� GPS� TUBUJD� QPTUVSBM� DPOUSPM��
However, studies fail to clarify whether the static posturog-

SBQIZ�XPVME�CF�BO�FąFDUJWF�UPPM�GPS�DMJOJDBM�BTTFTTNFOU�BOE�
XIFUIFS�JU�DPVME�CF�SFMBUFE�UP�DMJOJDBM�CBMBODF�BTTFTTNFOU�

āF�BJN�PG�UIJT�TUVEZ�XBT�UP�JOWFTUJHBUF�XIFUIFS�UIF�BT-

TPDJBUJPO�PG�B�DPHOJUJWF�UBTL�XPVME�BąFDU�QPTUVSBM�DPOUSPM�JO�
QBUJFOUT� XJUI� 1%� JO� UIF� TBNF�XBZ� UIBU� WJTVBM� EFQSJWBUJPO��
āF� TFDPOEBSZ� PCKFDUJWF�XBT� UP� JOWFTUJHBUF� B� QPTTJCMF� SFMB-

tionship between the static posturography data and clinical 

CBMBODF�TDBMFT�

METHOD

Subjects
āJT�TUVEZ�XBT�BQQSPWFE�CZ�UIF�&UIJDT�DPNNJUUFF�PO�SF-

TFBSDI�BU�UIF�6OJWFSTJUZ�PG�4¹P�1BVMP�$MJOJDT�)PTQJUBM�JO�BDDPS-

EBODF�XJUI�UIF�%FDMBSBUJPO�PG�UIF�8PSME�.FEJDBM�"TTPDJBUJPO��
"MM�QBSUJDJQBOUT�SFBE�BOE�TJHOFE�B�XSJUUFO�JOGPSNFE�DPOTFOU�
BQQSPWFE�CZ�UIJT�DPNNJUUFF��'JGUZ�OJOF�IFBMUIZ�FMEFSMJFT�GSPN�
B�TFOJPS�DFOUFS�PG�UIF�6OJWFSTJUZ�PG�4¹P�1BVMP�$MJOJDT�)PTQJUBM�
XFSF� JOWJUFE� UP�QBSUJDJQBUF� JO� UIF�DPOUSPM�HSPVQ��āJSUZ�ÎWF�
volunteered and twenty-seven met the inclusion criteria, 

gave informed consent and underwent sensory-cognitive-

NPUPS�BTTFTTNFOU�QSPUPDPM�
'PS� CPUI� DPOUSPM� BOE� FYQFSJNFOUBM� HSPVQT
� POMZ� QFPQMF�

BHFE�CFUXFFO����BOE����ZFBST
�XJUI���PS�NPSF�ZFBST�PG�GPSNBM�
FEVDBUJPO�BOE�XJUI�B�NJOJNBM�.JOJ�NFOUBM�TDPSF�PG�����

, ac-

DPSEJOH�UP�UIF�DVU�Pą�EFUFSNJOFE�CZ�UIF�#SB[JMJBO�WFSTJPO�PG�
UIF� UFTU
�XFSF� JODMVEFE��4VCKFDUT�XJUI�BDVUF�PS� UFSNJOBM� JMM-
OFTTFT
�NZPDBSEJBM�JOGBSDUJPO�JO�UIF�MBTU�TJY�NPOUIT
�NPEFS-

ate or severe chronic obstructive pulmonary disease, uncon-

trolled hypertension, uncontrolled metabolic disease, acute 

PSUIPQFEJD�JOKVSJFT
�BOE�PUIFS�OFVSPMPHJDBM�BOE�PS�NVTDVMBS�
EJTFBTF�XFSF�FYDMVEFE�GSPN�UIF�TUVEZ�

4FWFOUZ�FJHIU� PVUQBUJFOUT� XJUI� JEJPQBUIJD� 1%
� GSPN� UIF�
.PWFNFOU� %JTPSEFST� $MJOJD� PG� UIF� 6OJWFSTJUZ� PG� 4¹P� 1BVMP�
$MJOJDT�)PTQJUBM�XFSF�JOWJUFE�UP�QBSUJDJQBUF�JO�UIF�FYQFSJNFO-

UBM�HSPVQ��'JGUZ�UXP�WPMVOUFFSFE�BOE�GPSUZ�NFU�PVS�JODMVTJPO�
DSJUFSJB�BOE�HBWF�JOGPSNFE�DPOTFOU��"EEJUJPOBM�JODMVTJPO�DSJ-
teria for PD patients comprehended having received the di-

agnosis of PD according to the clinical criteria of the United 

,JOHEPN�1BSLJOTPO�%JTFBTF�4PDJFUZ�#SBJO�#BOL��
; Hoehn and 

Yahr
���	)�:
�TDPSF�CFUXFFO���BOE����CFJOH�PO�BOUJQBSLJOTP-

nian drug treatment at a stable and optimized daily dosage 

EVSJOH�UIF�MBTU���XFFLT�QSJPS�UP�TUVEZ�FOUSZ�

Procedures
1BSUJDJQBOUT�XFSF� BTTFTTFE� JOEJWJEVBMMZ
� PO� POF� TFTTJPO��

"GUFS� SFDFJWJOH� EFUBJMFE� FYQMBOBUJPO� BCPVU� UIF� TUVEZ
� UIFZ�
TJHOFE�UIF�JOGPSNFE�DPOTFOU��#PUI�HSPVQT�XFSF�BTTFTTFE�XJUI�
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UIF�.JOJ�.FOUBM� 4UBUF� &YBNJOBUJPO� 	..4&

� ÏVFODZ� UFTUT�
(animals: saying animals names and phonemic: saying words 

CFHJOOJOH�XJUI�MFUUFS�'

�##4
�.#5�BOE�TUBUJD�QPTUVSPHSBQIZ��
1BUJFOUT�XJUI�1%�XFSF�PO�UIFJS�CFTU�iPOu�TUBUF�

Cognitive assessment
"MM� QBSUJDJQBOUT� VOEFSXFOU� DPHOJUJWF� BTTFTTNFOU� DPN-

GPSUBCMZ� TFBUFE� PO� B� DIBJS� QMBDFE� JO� GSPOU� PG� B� UBCMF�� āF�
..4&� TDSFFOFE� GPS� TFWFSF� DPHOJUJWF� JNQBJSNFOU� BOE� POMZ�
TVCKFDUT�TDPSJOH�BCPWF����QPJOUT�XFSF�JODMVEFE����*O�UIF�ÏV-

FODZ�UFTU
�TVCKFDUT�XFSF�JOTUSVDUFE�UP�TBZ�BT�NBOZ�BT�BOJNBMT�
as they could remember in one minute, without repetition or 

HFOEFS�DIBOHJOH��&BDI�XPSE�XBT�TDPSFE�XJUI�POF�QPJOU�BOE�
repeated words were not scored, this test has been found to 

be a predictor of latter development of dementia
���

Motor assessment
āF� ##4� JT� B� XJEFMZ�VTFE� NFBTVSF� PG� CBMBODF� BOE� IBT�

CFFO�WBMJEBUFE�GPS�1%�QBUJFOUT��*U�DPOTJTUT�PG�B����JUFN�TDBMF
�
scored from zero to four (best), assessing abilities involving 

sitting, standing and positional changes
����āF�.#5�JT�B�NPSF�

SFDFOU�UPPM�EFWFMPQFE�UP�BTTFTT�CBMBODF��*U�JOWPMWFT�GPVS�EP-

mains: anticipatory, sensory, gait and reactive and totalizes 

���JUFNT
�TDPSFE�GSPN���UP���	CFTU�QFSGPSNBODF
��*U�IBT�B�IJHI�
DPSSFMBUJPO�XJUI�##4
�CVU�UIF�DPNCJOBUJPO�##4�.#5�SFEVDFT�
UIF�DFJMJOH�FąFDU�PG�IJHIFS�TDPSFE�QBUJFOUT���

Sensory-cognitive-motor assessment
1BSUJDJQBOUT� TUPPE� CBSFGPPU� PO� B� ���� 9� ���� N� QMBUGPSN�

	".5*� "DDVTXBZ� 1MVT�� "EWBODFE� .FDIBOJDBM� 5FDIOPMPHZ
�
*OD�
�8BUFSUPXO
�.BTTBDIVTFUUT
�64"
�XJUI�UIFJS�BSNT�BMPOH-

TJEF�UIF�CPEZ�BOE�UIFJS�GFFU���DN�BQBSU��'FFU�QPTJUJPOT�XFSF�
NBSLFE�BOE�LFQU�UIF�TBNF�JO�BMM�USJBMT��āF�GSFRVFODZ�PG�BD-

RVJTJUJPO�XBT�TFU�VQ�BU�����)[�
%BUB�XFSF�DPMMFDUFE� JO�UISFF�USJBMT�PG����TFDPOET
�VOEFS�

UISFF�DPOEJUJPOT��	J
�LFFQJOH�CBMBODF�XJUI�FZFT�PQFO�	&0
��	JJ
�
LFFQJOH�CBMBODF�XJUI� FZFT� DMPTFE� 	&$
�� 	JJJ
� EVBM�UBTL� 	%5
��
LFFQJOH�CBMBODF�XJUI�FZFT�PQFO�BOE�QFSGPSNJOH�UISFF�ÏVFO-

cy tasks: saying as many words as possible starting with let-

UFS�'�	USJBM��

�TBZJOH�XPSET�TUBSUJOH�XJUI�MFUUFS�1�	USJBM��
�BOE�
OBNJOH�GSVJUT�	USJBM��
��&BDI�USJBM�MBTUFE�GPS�POF�NJOVUF�

%FTDSJQUJWF�NFBTVSFT�PG�UIF�DFOUFS�PG�QSFTTVSF�	$01
�EJT-

placement oscillation were collected by posturography: the 

NFBO� WFMPDJUZ� PG� UIF� $01� PTDJMMBUJPO� 	7BWH

� UIF� FMMJQUJDBM�

BSFB� DPWFSJOH�����PG� UIF�$01�QSPKFDUJPO�QPJOUT� 	BSFB
� BOE�
UIF�TUBOEBSE�EFWJBUJPOT�PG�UIF�$01�PTDJMMBUJPO�PO�CPUI�BYFT
�
NFEJPMBUFSBM�	4%�.-
�BOE�BOUFSPQPTUFSJPS�	4%�"1
�

3PDDIJ�FU�BM��� analysed fourteen variables related to the 

$01�BOE�DPODMVEFE�UIBU�TUBOEBSE�EFWJBUJPO�BOE�NFBO�WFMPD-

ity, provided insights about the postural control mechanisms 

BOE�EFTDSJCFE�DIBOHFT� JO�QPTUVSBM� TUSBUFHJFT��āF�BSFB�XBT�
DIPTFO�GPS�CFJOH�XJEFMZ�VTFE�JO�PUIFS�QPTUVSPHSBQIZ�TUVEJFT�

Statistical analysis
%BUB� XJUI� OPSNBM� EJTUSJCVUJPO� XFSF� FYQSFTTFE� BT�

NFBOT�TUBOEBSE� EFWJBUJPOT� 	4%
��āF� MFWFM� PG� TJHOJÎDBODF�
XBT�TFU�BU�BMGB���������4UVEFOU�UFTUT�U�XFSF�VTFE�UP�DPNQBSF�
the groups in terms of age, height, weight and number of 

ZFBST�PG�GPSNBM�FEVDBUJPO��2VJ�TRVBSF�UFTUT�JOWFTUJHBUFE�TFY�
EJTUSJCVUJPO�EJąFSFODFT�

"OBMZTFT�PG�7BSJBODF�	"/07"T
�XFSF�QFSGPSNFE�UP�DPN-

pare both groups and the three evaluation conditions on the 

posturography (eyes open, eyes closed, dual-task) as depen-

dent variables.�8IFO�B�TJHOJÎDBOUMZ� JOUFSBDUJPO�XBT� GPVOE
�
Tukey post hoc tests were performed to complement the 

BOBMZTJT��"EEJUJPOBMMZ
�4QFBSNBO�DPSSFMBUJPO�UFTUT�DPNQBSFE�
the performance on the balance clinical scales with the re-

TVMUT�PG�UIF�QPTUVSPHSBQIJD�FWBMVBUJPO�

RESULTS

Clinical Data
5BCMF���TIPXT�EFNPHSBQIJD�EBUB�BOE�UFTU�TDPSFT�GPS�QB-

UJFOUT�XJUI�1%�BOE�IFBMUIZ�DPOUSPMT��/P�TJHOJÎDBOU�EJąFSFOD-

es were found in age, education, gender, height, weight and 

DPHOJUJWF�TDSFFOJOH�

Cognitive assessment
āF�ÏVFODZ�UFTU�OBNJOH�BOJNBMT�GPVOE�TJHOJÎDBOU�EJąFS-

FODF�CFUXFFO�HSPVQT�	Q�������
��1%�QBUJFOUT�TBJE�TJHOJÎDBOU-
MZ�GFXFS�XPSET�UIBO�UIF�DPOUSPM�HSPVQ�

Motor assessment
#PUI�DMJOJDBM�BTTFTTNFOU�UFTUT
�##4�BOE�.#5
�XFSF�TFO-

sitive in discriminating the PD group from control group, 

XJUI� QPPSFS� QFSGPSNBODFT� PG� 1%� QBUJFOUT� 	Q� �� ������ BOE�
Q��������
�SFTQFDUJWFMZ
�

Table 1. Demographic data for patients with PD and healthy controls.
Groups PD Controls p
Age (years) 67.17 ± 4.3 68.37 ± 3.7 0.115
Education (years) 9.77 ± 4.87 11.15 ± 4.53 0.121
Gender (F/M) 16/24 17/10 0.349
Mean height 1.65 ± 0.09 1.61 ± 0.08 0.603
Mean weight 70.5 ± 12.96 69.8 ± 7.26 0.391
Mini-mental score 27.7 ± 2.09 28.07 ± 1.07 0.340

*p < 0.05. PD: Parkinson disease; F: female; M: male.
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Sensory-cognitive-motor assessment
Mean velocity:� "/07"� TIPXFE� UIBU� UIF� NFBO� WFMPD-

JUZ� PG� UIF�$01�PTDJMMBUJPO� 	7BWH
�XBT� TJHOJÎDBOUMZ�EJąFSFOU�
CFUXFFO�HSPVQT� 	Q��������
�BOE�DPOEJUJPOT� 	Q��������

�CVU�
OP� JOUFSBDUJPO�HSPVQT� WT�� DPOEJUJPOT�XBT� GPVOE� 	Q��� �����
�
	'JHVSF� �
�� 'PS� CPUI� HSPVQT
� UIF� WFMPDJUZ� PG� CPEZ� TXBZ� BOE�
UIF� EBUB� DPOÎEFODF� JOUFSWBM� 	EBUB� WBSJBCJMJUZ
� HSBEVBMMZ� JO-

creased from eyes open to eyes closed conditions and from 

FZFT�DMPTFE�UP�EVBM�UBTL�
Elliptical area: āF� FMMJQUJDBM� BSFB� DPWFSJOH� ���� PG� UIF�

$01�QSPKFDUJPO�QPJOUT�BOE�UIF�TUBOEBSE�EFWJBUJPO�PG�UIF�$01�
PTDJMMBUJPO�PO�NFEJPMBUFSBM�BYJT�TIPXFE�TJNJMBS�WBSJBUJPOT�PO�
UIF� UISFF� DPOEJUJPOT�� 4JHOJÎDBOU� EJąFSFODFT�XFSF� PCTFSWFE�
CFUXFFO�HSPVQT�	Q��������
�BOE�DPOEJUJPOT�	Q��������

�CVU�OP�
JOUFSBDUJPO�HSPVQT�WT��DPOEJUJPOT�	Q��������
�	'JHVSF��
��#PUI�
groups had greater postural sway on the dual-task condition, 

DPNQBSJOH� JU� UP� UIF� DPOEJUJPOT� FZFT� PQFO� BOE� FZFT� DMPTFE��

āF�BEEJUJPO�PG�UIF�DPHOJUJWF�UBTL�IBE�NPSF�JNQBDU�PO�QPT-

UVSBM�DPOUSPM�UIBO�UIF�WJTVBM�EFQSJWBUJPO�GPS�CPUI�HSPVQT��"�
IJHIFS�WBSJBCJMJUZ�JO�QFSGPSNBODF�	B�IJHIFS�DPOÎEFODF�JOUFS-

WBM
�XBT�PCTFSWFE�PO�EVBM�UBTL�DPOEJUJPOT�
Standard deviation of the COP oscillation on mediolateral 

axis: āF�TUBOEBSE�EFWJBUJPO�PG� UIF�$01�PTDJMMBUJPO�PO�NF-

EJPMBUFSBM�BYJT�	4%�.-
�BMTP�TIPXFE�B�TJHOJÎDBOU�EJąFSFODF�
CFUXFFO�HSPVQT�	Q��������
�BOE�DPOEJUJPOT�	Q��������

�CVU�OP�
JOUFSBDUJPO�HSPVQT�WT��DPOEJUJPOT�	Q��������
�	'JHVSF��
��#PUI�
groups had greater postural sway on the dual-task condition, 

DPNQBSJOH� JU� UP� UIF� DPOEJUJPOT� FZFT� PQFO� BOE� FZFT� DMPTFE��
āF�BEEJUJPO�PG�UIF�DPHOJUJWF�UBTL�IBE�NPSF�JNQBDU�PO�QPT-

UVSBM�DPOUSPM�UIBO�UIF�WJTVBM�EFQSJWBUJPO�GPS�CPUI�HSPVQT��"�
IJHIFS�WBSJBCJMJUZ�JO�QFSGPSNBODF�	B�IJHIFS�DPOÎEFODF�JOUFS-

WBM
�XBT�PCTFSWFE�PO�EVBM�UBTL�DPOEJUJPOT�
Standard deviation of the COP oscillation on anteropos-

terior axis: āF� TUBOEBSE� EFWJBUJPO� PG� UIF� $01� PTDJMMBUJPO�
PO� BOUFSPQPTUFSJPS� BYJT� 	"1�4%
� TIPXFE� B� TJHOJÎDBOU� EJG-
GFSFODF�CFUXFFO�HSPVQT�	Q��������

�DPOEJUJPOT�	Q��������

�
BOE�BMTP�B�TJHOJÎDBOU�JOUFSBDUJPO�HSPVQT�WT��DPOEJUJPOT�	Q���
�����
��1%�QBUJFOUT�TIPXFE�B�IJHIFS�4%�"1�EVSJOH�UIF�XIPMF�
BTTFTTNFOU
�XIJMF�DPOUSPMT�HSBEVBMMZ�JODSFBTFE�UIFJS�4%�"1�
PO�UIF�DPOEJUJPOT�FZFT�DMPTFE�	Q���������
�BOE�EVBM�UBTL�	Q���
������
�	'JHVSF��
�

Relationship between clinical tests and 
posturography

4QFBSNBO�DPSSFMBUJPO�UFTUT�XFSF�QFSGPSNFE�XJUI�UIF�UIF�
1%�HSPVQ�EBUB��1PTTJCMF�SFMBUJPOTIJQT�CFUXFFO�UIF�QPTUVSP-

HSBQIJD�WBSJBCMFT
�UIF�##4�BOE�UIF�.#5�XFSF�JOWFTUJHBUFE��
āF�SFTVMUT�BSF�EJTQMBZFE�JO�5BCMF����'PS�UIF�DPOUSPM�HSPVQ
�
B� XFBL� DPSSFMBUJPO� CFUXFFO� 4%�.-� BOE�.#5�XBT� GPVOE��
"MTP
�B�NPEFSBUF�DPSSFMBUJPO�CFUXFFO�7BWH�BOE�##4
�JO�FZFT�
PQFO� DPOEJUJPO� XBT� GPVOE�� 'PS� 1%� HSPVQ� UIFSF� XBT� POMZ�
B�XFBL�DPSSFMBUJPO�CFUXFFO�4%�.-�BOE�##4� JO�FZFT�PQFO�
DPOEJUJPO�	5BCMF��
�

EO: eyes open, EC: eyes closed, DT: dual-task.

Figure 1. Performance of the groups in the three conditions for 
the mean velocity of oscillation (Vavg).
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EO: eyes open, EC: eyes closed, DT: dual-task.

Figure 2. Performance of the groups in the three conditions for 
the elliptical area covering 95% of the trajectory points.
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EO: eyes open, EC: eyes closed, DT: dual-task.
Figure 3. Performance of the groups in the three conditions for 
the mediolateral standard deviation (SD-ML).
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DISCUSSION

āF�QSFTFOU�TUVEZ�JOWFTUJHBUFE�XIFUIFS�UIF�BTTPDJBUJPO�PG�
B�DPHOJUJWF�UBTL�XPVME�BąFDU�QPTUVSBM�DPOUSPM�JO�QBUJFOUT�XJUI�
1%�JO�UIF�TBNF�XBZ�UIBU�WJTVBM�EFQSJWBUJPO��%JTUJODU�NPEJÎ-

cations of posturographic data on the conditions eyes open, 

FZFT�DMPTFE�BOE�EVBM�UBTL�XFSF�GPVOE��4PNF�EJąFSFODFT�CF-

UXFFO�UIF�FYQFSJNFOUBM�1%�HSPVQ�BOE�UIF�DPOUSPM�HSPVQ�XFSF�
BMTP�PCTFSWFE�

*U�JT�XFMM�LOPXO�UIBU�QIZTJPMPHJDBM�BHJOH�JNQBJST�UIF�QSP-

cessing of visual, vestibular and somatosensory information, 

XIJDI�NBZ� BMTP� BąFDU� UIF� QPTUVSBM� DPOUSPM����)FBMUIZ� PMEFS�
people tend to rely more on visual information than on so-

NBUPTFOTPSZ� JOGPSNBUJPO� BOE
� JO� DBTFT� PG� TFOTPSZ� DPOÏJDU
�
UIFZ� DBO�QSFTFOU�EJăDVMUZ�VTJOH� WFTUJCVMBS� JOGPSNBUJPO� GPS�
postural control

����*O�UIF�QSFTFOU�TUVEZ
�1%�QBUJFOUT�QSFTFOUFE�
B�TJNJMBS�CFIBWJPS�BT�TIPXFE�CZ�-FF�FU�BM�8, about PD patients 

EFQFOEFODF�PO�WFTUJCVMBS�JOGPSNBUJPO��āF�BVUIPST�IZQPUIF-

TJ[FE
�JO�BHSFFNFOU�XJUI�:FO�FU�BM�4, that balance impairments 

EO: eyes open, EC: eyes closed, DT: dual-task.
Figure 4. Performance of the groups in the three conditions for 
the anteroposterior standard deviation (SD-AP).
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Table 2. Relationships between posturographic and clinical data for patients with Parkinson disease (PD).
Control PD

MBT BBS  MBT BBS
EO SD-ML -0.142 0.074 -0.223 -0.338

SD-AP -0.074 0.232 0.207 0.114
Vavg 0.003 -0.241 -0.078 -0.005
Area -0.062 0.210 -0.039 -0.171

EC SD-ML -0.388 -0.229 -0.121 -0.242
SD-AP -0.087 0.101 0.305 0.168
Vavg -0.084 -0.459 0.112 0.092
Area -0.320 -0.130 -0.004 -0.146

DT SD-ML -0.297 -0.169 -0.098 -0.160
SD-AP -0.042 0.236 0.194 0.065
Vavg -0.103 -0.273 0.032 0.101
Area -0.238 0.027 -0.002 -0.107

MBT: MiniBest test; BBS: Berg balance scale, EO: eyes open; EC: eyes closed; DT: dual-task condition; SD-ML: mediolateral standard deviation; 
SD-AP: anteroposterior standard deviation; Vavg: average velocity off oscillation; Area: elliptical area covering 95% off trajectory oscillation.

XFSF�BTTPDJBUFE�XJUI�EFÎDJUT�JO�TFOTPSZ�QSPDFTTJOH�BOE�PS�JO�
UIF�DFOUSBM�JOUFHSBUJPO�PG�TFOTPSZ�JOGPSNBUJPO�

Beyond this natural aging process, other factors may con-

tribute to balance disruption facing sensory disturbance, in 

UIJT� QPQVMBUJPO�� -PTT� PG� BVUPNBUJPO� JO� QFSGPSNJOH� QPTUVS-

al changes can increase the dependence on visual informa-

tion
����4UVEJFT�PG�*DLFOTUFJO�FU�BM7��BOE�3PTTJ�FU�BM����QPJOUFE�UP�

the increase of visual dependence, as a compensation mech-

BOJTN
�BOE�FYQMBJOFE�UIBU�UIF�PWFSMPBE�PG�UIF�WJTVBM�TZTUFN�
DBO�BąFDU�QPTUVSBM�DPOUSPM
�BT�EFUFDUFE�CZ�QPTUVSPHSBQIZ�

$IBOHFT�PO�QPTUVSBM�DPOUSPM�EVF�UP�TFOTPSZ�EJTUVSCBODF�
have been well described, such as changes on gait parame-

ters in dual-task conditions, for both healthy elderly and PD 

patients
��
���� )PXFWFS
� PVS� SFTVMUT� BEE� JOUFSFTUJOH� EBUB
� CF-

cause they showed that the competition with a concurrent 

cognitive activity disrupted posturographic measures in a 

EJąFSFOU�NBOOFS�UIBO�WJTVBM�EFQSJWBUJPO�
'PS�CPUI�HSPVQT
�UIF�FMMJQUJDBM�BSFB�BOE�UIF�4%�.-�EJE�OPU�

DIBOHF�TJHOJÎDBOUMZ�PO�FZFT�DMPTFE�DPOEJUJPO
�DPNQBSFE�UP�
eyes open condition, but they increased on dual-task, com-

QBSFE�UP�FZFT�DMPTFE��'PS�UIF�EVBM�UBTL�DPOEJUJPO�.BSDIFTF�
FU�BM�3�TIPXFE�UIBU�UIF�FMMJQUJDBM�BSFB�XBT�EJąFSFOU�JO�1%�QB-

UJFOUT��āF�BNPVOU�PG�DPNQFOTBUPSZ�TUBCJMJ[JOH�NPWFNFOUT�
in both planes, needed by PD patients to maintain balance 

XBT�IJHIFS��)PXFWFS
�#SPXO�FU�BM��� showed that, despite PD 

QBUJFOUT�QSFTFOU�EFÎDJU�SFPSHBOJ[JOH�UIF�PTDJMMBUJPO�BSFB�BG-
ter visual deprivation, this condition tends to stabilize after a 

period of time, which probably occurred in our sample with 

CPUI�WBSJBCMFT�	4%�.-�BOE�FMMJQUJDBM�BSFB
�
āF� WFMPDJUZ� PG� CPEZ� TXBZ� JODSFBTFE� XJUI� FZFT� DMPTFE
�

compared to the eyes open condition and on dual-task, com-

QBSFE�UP�FZFT�DMPTFE��/P�PUIFS�TUVEJFT� JOWFTUJHBUJOH�UIF�WF-

locity of body sway with eyes open, closed and dual-task 

XFSF� GPVOE��)PXFWFS
�3PDDIJ� FU� BM��� reported a correlation 

between the velocity and the items related to tremor from 

UIF� 6OJÎFE� 1BSLJOTPO� %JTFBTF� 3BUJOH� 4DBMF�� āFSFGPSF
� JU�
XBT�FYQFDUFE�UIBU�UIF�1%�HSPVQ�XPVME�TIPX�HSFBUFS�TQFFE�
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oscillation in all conditions, increasing according to the dif-

ÎDVMUZ�PG�UIF�UBTL
�BT�XFMM�BT�UIF�DPOUSPM�HSPVQ�
āF�HSPVQT�TIPXFE�EJTUJODU� SFBDUJPOT�PO�BOUFSPQPTUFSJ-

PS�TXBZ�BTTFTTNFOU��1%�QBUJFOUT�TIPXFE�IJHIFS�BOUFSPQPT-

terior sway on all conditions, while controls showed gradual 

anteroposterior sway increase with eyes closed, compared to 

FZFT�PQFO�BOE�PO�EVBM�UBTL
�DPNQBSFE�UP�FZFT�DMPTFE��*O�UIF�
literature, no results like these were found, but we hypoth-

FTJ[FE�UIBU�UIJT�ÎOEJOH�NJHIU�CF�BUUSJCVUFE�UP�B�DFJMJOH�FąFDU��
0O�UIF�TBNQMF�PG�UIF�QSFTFOU�TUVEZ
�QBUJFOUT�IBE�IJHIFS�WBSJ-
ation in postural oscillation, which refers to the level of sta-

CJMJUZ��āFSFGPSF
�1%�QBUJFOUT�XFSF�MFTT�BCMF�UIBO�UIF�DPOUSPM�
HSPVQ�UP�BEBQU�UP�BMM�DPOEJUJPOT��āJT�WBSJBCMF�NBZ�CF�VTFGVM�
distinguishing PD and control groups, but not to evaluate the 

FąFDUT�PG�B�EJTUVSCBODF�JO�QPTUVSBM�DPOUSPM�GPS�1%�QBUJFOUT�
0VS� SFTVMUT� DPSSPCPSBUF� XJUI� UIF� POFT� GSPN� .BSDIFTF�

FU� BM�3, who noticed the worsening on postural sway (area, 

QBUI� MFOHUIBOE�NFBO� WFMPDJUZ

� EVSJOH� B� DPHOJUJWF� UBTL�� *O�
their study, they describe that the PD group and the control 

HSPVQ�XFSF�FWFO�NPSF�EJąFSFOU�XIFO�UIF�1%�HSPVQ�XBT�EJ-
WJEFE�DPOTJEFSJOH�UIF�GBMMT�IJTUPSZ��āFZ�QPJOUFE�BT�QPTTJCMF�
DBVTFT�GPS�UIFJS�ÎOEJOHT�UIF�SFEVDUJPO�PG�BUFOUJPOBM�DBQBDJUZ
�
B�MPOHFS�FTUBCMJTIFE�CBMBODF�EFÎDJU�BOE�UIF�HSFBU�SFTPVSDFT�
competition for planning and production of the appropriate 

NPUPS� SFTQPOTF��$POTJEFSJOH� UIFTF� SFTVMUT
� JU� JT� QPTTJCMF� UP�
conclude that static posturography alterations on dual-task 

DPOEJUJPOT�DBO�TIPX�B�NBKPS�QSPCMFN�GPS�UIF�DFOUSBM�QSPDFTT-

ing and motor planning, thus detecting the PD patients with 

B�IJHIFS�SJTL�PG�GBMMJOH�
*U�XBT�BMTP�JOWFTUJHBUFE�QPTTJCMF�SFMBUJPOTIJQT�CFUXFFO�TUBUJD�

QPTUVSPHSBQIZ�EBUB�BOE�DMJOJDBM�GVODUJPOBM�CBMBODF�BTTFTTNFOU�
'PS� IFBMUIZ� FMEFSMJFT
� JO� FZFT� DMPTFE� DPOEJUJPO
� B� XFBL�

DPSSFMBUJPO�CFUXFFO�4%�.-�BOE�.#5�BOE�B�NPEFSBUF�DPS-

SFMBUJPO�CFUXFFO�7BWH�BOE�##4�XFSF�PCTFSWFE��'PS�1%�HSPVQ
�

there was only a weak correlation in eyes open condition be-

UXFFO� 4%�.-�BOE�##4��"T� UIFSF�XFSF� GFX� DPSSFMBUJPOT� CF-

tween posturographic variables and clinical scales and such 

relationships have not been fully investigated, it is recom-

mended that the interpretation of posturographic data for 

DMJOJDBM�QSBDUJDF�TIPVME�BWPJE�PWFSHFOFSBMJ[BUJPO�
āF�BQQMJDBUJPO�PG�UIF�UXP�TDBMFT�TIPXFE�HSFBU�EJąFSFOD-

FT�CFUXFFO�UIF�UXP�HSPVQT
�XJUI�B�TJHOJÎDBOU�XPSTFOJOH�PG�
CBMBODF�JO�UIF�1%�HSPVQ��āJT�XBT�EVF�UP�UIF�GBDU�UIBU�CPUI�
scales evaluated more dynamic conditions, such as trans-

GFSSJOH�BOE�LFFQJOH�B�EFDSFBTFE�CBTF�PG�CBMBODF��-FF�FU�BM�8 
found strong correlations between cognitive tasks and bal-

ance on more challenging situations, indicating that the in-

UFHSJUZ�PG�FYFDVUJWF� GVODUJPOT� JT� JNQPSUBOU� GPS�QMBOOJOH�BE-

KVTUNFOUT� UP� NBJOUBJO� UIF� QPTUVSF�� 'VUVSF� TUVEJFT� TIPVME�
investigate whether the training of static balance associated 

XJUI�DPHOJUJWF�EFNBOET�DPVME�CF�FąFDUJWF�EFDSFBTJOH�QPTUVS-

BM�TXBZ�PO�EVBM�UBTL
�TJNJMBS�UP�UIBU�PCTFSWFE�PO�HBJU�USBJOJOH�
*O�DMJOJDBM�FWBMVBUJPO�PG�OFVSPMPHJDBM�QBUJFOUT
� JU� JT�DPN-

mon to ask patients to close their eyes in order to sensitize 

QPTUVSBM�DPOUSPM�BOE�IJHIMJHIU�CBMBODF�EJTPSEFST��0VS�SFTVMUT�
indicate that in dual-task (cognitive-motor) conditions the 

change in postural control can be even greater than with vi-

TVBM�EFQSJWBUJPO��āJT�JOUFSBDUJPO�DBO�CF�HSFBUFS�JO�JOEJWJEV-

BMT�XJUI�NPSF�FWJEFOU�CBMBODF�EJTPSEFST
�XJUI�GBMMT�IJTUPSZ�
Postural change in such cases show the physicians and 

therapists greater need for attention and balance training 

BDUJWJUJFT� XJUI� WBSZJOH� EFHSFFT� PG� EJăDVMUZ
� JODMVEJOH� UIF�
NBJOUFOBODF� PG� TUBUJD� QPTUVSF� PO� EVBM�UBTL� DPOEJUJPOT�� "T�
XF� GPVOE� XFBL��NPEFSBUF� DPSSFMBUJPOT� CFUXFFO� QPTUVSPH-

raphy and clinical balance scales, data generalization should 

CF�EPOF�DBSFGVMMZ��*U�JT�TVHHFTUFE�UIBU�GVSUIFS�TUVEJFT�BSF�DPO-

ducted, including posturography in dynamic conditions, to 

DMBSJGZ�UIJT�SFMBUJPOTIJQ�
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