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[BACKGROUND AND AIM] Smoothness of
walking is one of the important gait dynamics
to assess the recovery of walking capacity in
clinical rehabilitation. We previously reported
that power spectrum entropy (PSEn), a measure
of smoothness of walking, calculated from the
vertical component of trunk acceleration is
sensitive to the change in task loads (single task
vs. dual task). The purpose of this study was to
investigate in which phases of gait cycle PSEn
values are affected by the dual-task loads, and
whether smoothness of walking is associated with
the risk of falling in patients with stroke.

[METHOD] Subjects were 14 patients with stroke
who were capable of walking without assistance
(66.6+9.3 years, female: 6). Participants were
instructed to walk a 12m walkway at fast walking
speed under single and two dual-task conditions
(walking with arithmetic task: (1) addition, (2)
subtraction). Trunk acceleration was recorded
under each condition using tri-axial accelerometer
attached to the L3 spinous process (MVP-RFS;
Microstone, sampling rate: 200Hz). Using the peak
AP accelerations of the non-paralyzed side at heel
contact, ten gait cycles were extracted from time-
series data (the first two gait cycles were excluded
from the analysis). The vertical component of
accelerometer signal in each gait cycle was

divided into seven 64-sample sections with 50%
overlapped portions (32 samples). Within each
section, root mean square (RMS), auto-correlation
coefficient (AC), and PSEn were calculated. On
the basis of Berg balance scale and Stops walking
when talking test, participants were allocated to
high-risk of falling group or low-risk of falling group.
Ethical approval was obtained from the local ethics
committee. All the participants provided written
informed consent after the purposes of this study
were explained to them.

[RESULT] A linear mixed model ANOVA on mean
PSEn involving PHASE, TASK and RISK as fixed
effects and SUBJECT as a random effect found
significant effects of PHASE, TASK, PHASE*TASK,
PHASE*TASK and PHASE*TASK*RISK
interactions. There were no significant effects
of RISK and TASK*RISK interaction. Pair-wise,
Bonferroni-corrected post-hoc comparisons found
that dual-task loads affected the smoothness
of walking to a greater degree in high-risk group
compared to low-risk group during the pre-swing
and terminal-stance phase of the paralyzed leg.

[CONCLUSION] The smoothness of walking reflects
the risk of falling, especially in the pre-swing and
terminal-stance phase of the paralyzed leg.
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[INTRODUCTION] Movement variability is
associated with stable walking in the elderly [1].
It has been reported that movement variability
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is influenced by the walking speed [2]. Previous
study have been made on acceleration variability of
the head, lumber, and/or pelvis independently [3].
However, in mechanical terms, the interrelations
between these variables seem important, as the
human body basically a linked segment system in
which the segments have mechanical influences
on each other.

This study investigates the walking variability
of the elderly through simultaneous measurement
of the acceleration from the head, trunk, and lower
extremity segments in several different walking
speeds.

[METHODS] Twenty healthy elderly people (mean
age, 81.1 years) participated in this study.
8 wireless multi-function sensors were used
to measure head, lumber, and lower extremity
accelerations along three axes. In the walking
trials, all participants were instructed to walk,
barefoot over the 30m long walkway. Referring
to comfortable cadence of walking (100%), the
walking speed was prescribed by a metronome
at 80, 90, 100, 110, 120% for the very low,
low, normal, fast, very fast walk speed conditions
respectively. To calculate stride-to-stride variability,
each 10 strides were time normalized (0O-100%).
Variability was assessed by cross-correlation
function (CCF). CCF value was calculated by a
combination of each 10 strides, and these values
were averaged. A two-way analysis of variance with
walking speed and gender variables was used for
comparisons of coefficient of correlation in each
direction and position.

[RESULTS AND DISCUSSION] The interaction
between walking speed and gender was not
significant, i.e., elderly men and women showed the
same trend. In vertical direction, there were some
significant differences. However the differences
between CCF values were small (0.96-0.99) and
acceleration variability was small. It was suggested
that control of the acceleration in vertical direction
during walking is an especially important task.

In anterio-posterior direction, CCF values of
the lower extremity was small with slower walking
speed, but not significantly different in head and
lumber, even though walking speeds were different.
These indicated that acceleration variability of
head and lumber were small, regardless of walking
speeds. Acceleration variability of the lower
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extremity was large with slower walking speed.

In medio-lateral direction, because CCF values
of the whole body were small with slower walking
speed, acceleration variability of the whole body
was large.
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Figure 1: Effect of walking speeds on the cross-
correlation coefficient in vertical (VT), antero-
posterior (AP), and medio-lateral (ML) direction in
elderly men and women.

[CONCLUSIONS] The findings suggested that
in order to walk stably for the elderly people, it is
necessary to reduce AP acceleration variability of
the lower extremity, and ML acceleration variability
of the whole body with slower walking speed.
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[Objective] To investigate the level of cognitive
function is related to the dual-task training effect
on dual-task walking capacity in patients with
stroke.

[Design] Prospective randomized open blinded
end-point study.

[Setting] Rehabilitation care unit and day care
center.

[Participants] Fourteen patients with stroke
who were able to walk without assistance and
scored 24 points or more on the Mini-mental state
examination were randomly allocated to either
an experimental group or a control group, using
stratified permuted-block randomization. The period
from stroke onset and the result of timed 10-meter
walk test were used as a factor of stratification. All
the participants provided written informed consent
after the purposes of this study were explained to
them.

[Interventions] The experimental group (n=7)
received specific physical therapy which was
emphasized on a dual-task training for 20 minutes
a day, total time 6 hours. The control group (n=7)
received standard physical therapy with usual
exercises only.

[Main Outcome Measures] Dynamic gait index
(DGI) was performed to assess dual-task walking
capacity. The difference between Trail making test
part A and B (diff TMT), and Frontal assessment
battery were performed to assess cognitive
function.

[Results] The ANCOVA on DGI found the
significant effects of time, group, and time*group
interaction. Pair-wise, Bonferroni-corrected post-
hoc comparisons found that DGI scores at post-
training in the experimental group was higher
compared to the control group. The median change
score of DGl were similar in the experimental
group regardless of period from stroke onset
(within B-month vs over 6-month). There were no
significant correlations between change scores of
DGl and diff TMT (spearman’s rho =.067, p=.821),
FAB (rho= — .266, p=-357), respectively.

[Conclusions] The results suggested that the
dual-task training in patients with stroke was
effective on dual-task walking capacity regardless
of the level of cognitive function.
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E LT,

(fRIENECRE] ARK(E. AZ2EROMENERICEDE, 4
iREREcOEEZRI(IT.

[fER] GEEBRODIT) 2TCDREECHEICENRDS
Nnfc (p<0.001), LELEICHWVT. HIREERET
(&, BB (FHED DB, KEH. ADBELORBICENR
Honeh. AELEEDBIFEN I o fc. A UEE
FHEH OB KFEH. ADBEEOBICENRDSNC. A
dOEE. KEEE. AD BHOBDEHEDOE TIFENED DI,
tEIREREAERE Cld. Adh DB KBRS DOBICENRD S
NSNS, HIRIBERRB Bk Chofc. TT T, #ifl
BEADDE. KFEH. ADBECOBICENRD SO,
A UEE DB FENEN oI, AFUBEEIFKREERE. AD
BEDBICENRD SN, AHDEEDBICIFENE
h'ofc. ADDEFE(FKREBEFEDOBICENRO SNH.
AD B EDRBIFENTEN Ofc. AD B¥EREBRICIEFENTL
holc. GRRINDMT) HIRIBMRRECTIE. A TRRIND
PDIHICENRD SN (p < 0.001), HBEDWTIE.
BREDRRMIE. hEHCHENTHEUBEEAHDETH
RICHADEHTHRICADHED Ofc. BAKIEDERINIE.
B CHARTHABETERICED D lc. BMNKRREDRR
lE. BT AD B TERICEL, MBS aHL
HCTHERICAED DI,

[(ZF] AD &, HWIREHRESE TT OmWHDOF/RHMET

LTHDH., BEPHEOEBICNA. ERFVAERDES
SNTV DTN DD EBDONc, KT, WIRKIERRE
[CBWNT AD B IR [CHENTREMPKRIBEORD BERIC
B TIVYINAX—BERAMEICHIT D BEDEE 2 ;IR
LCTWBBDEER T,

LRCBITIREREBEZEDHRBEAELSELOEEICD
WCTDER

%5 30 MRAEIREGREZRAMER
¥R 27 F2812H~13H
BRI

INEF BKTF

[Bx - BN SBRENMEERRSEICKIDENESZETC
U, BREREICKDREMGZITOCLDBRENSZL., F
26 FEDZERMIEIC T, BEERMMBRSN.
BEGREO MERESHMINE. FOIENLOERENS.
BEREMOEEIFHRSNDFERBLEED MO D1,
AEEREZRE LU CVKERBRORT, S8 BREXRE
BEOHECE(ENHONDAREMD DD, TREFRTDH
RICBITDREREBREDRNRZEET D, BE I F
BOBEHGEZDHEREICOVTHAELSERDEMBICD
WCEET D,

[FE] T 23 FHh5F 25 FICHRZRRE LI BED
25, REREREDIGEZOEREICDOVTCHAE L.

[FR] BEIFBTORERBREDESE 9.4%.
9.4%. 8.5%&LPPEA U, BEREREDEFEIET
23 FFEE. 24, 25 FRMERNMPPEMERTH
FEPEEREERIRSNED ofc, BREREBRE(FROEEE
BB UCHOFmNEL< (81.3/%. 66.4m%).
H#BRNofc (9.9 H. 24.3H),

[(BR] 7z RRUCREREZREDEG/FREITEE 3F
TRBFRAEEROSNIED DTeH . B2ERIMENDCUE ICHL
REREBREDIGPZTOHFLICOE(ENHFONDTRE
HERHOD. SIEHRETHAANUECH S, BRERERELS
I Chbh. ERARERLEDBEEICH D, REREOE
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£ 30 BIHAEIREEREFAMER
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BETRRE RER V. @ JHEER?

Be FEVNEF BT RE BT EH HBE .
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(B3 - BN] 18R, BBEXREHEIRERLDRY A THE
ZERRICEEREL. &E& - NERXY v IRROBACILUH—
MULICEUER, SHICESZMATERS LTV, aF
fEECHEEmEmZERIE Uz RTH &% (Ready To Hang) 1
REIN, BB 2014FE58N5EA L. UMUK
Mo, 2EMIC RTH ZRICEBBRINTWLSDIFTIFEL,
SE. RTHRRBICTIODEZ SNEWVWEBHEICDVWTHARL.
SHOBBICDOVTRETT Do

[5E] WHIF 2014 F5 B~ 7 BICHBRARTORER
BEBELIY (BE23H REBE318), RTHER
ZHEAULED SEEBECDVTC, TOBHZRELUC. F
eEE NEAY VI A3 ZICRTHRBEAICKLDET
ANBDZE(EICDVWT T T — MEEZT oIz,

[#&R] RTH R@ZFEALEN ofcEE(E 28 % (51.9%)
T.BE35.7% REBEE B64.3% CTHofc, TDERIF F
R UEWRZEEID RTH REH7EWL 1 19 4(67.9%). '&
ENZTESL N8H (28.6%) THolc, HiERIRTH
HMBAXRIMHRED 43%. BERREN 71%T
Hofc. BE - NEAT Y IZNREUVCHETIE. ®E
BlDEEfRN "(CIE 2" 66.7%. FARDORERDRE
DN "#HULIEo" 47.2%., FABDFT 21— D5
#E EDHSELY 81.0%TH ol
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Excitability changes in the left primary
motor cortex innervating the hand
muscles induced during speech about

hand or leg movements
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[BERYEN] AR TE. MEERBE(ICSITHEE X
OERICEIT N AR ZIRTR T §lcsd. BIERLLERR
BRICLDTBREN——VIOMRKREIZEBU T, ME
REREDEAE D X T (CHT D _ERBNIERE DS 72
SHCTHIEZENE LTS,

[FE] FETIF. A%, U\EUT— 3V DEE TlRlg
&Nz community ambulation EWSHERZELD EIF,
EBATHEE UEH T DRICIE. HLTREPLZDEITN
UTcBEAD KD BN, BILDHTREAREIITIFEL 8B4
B, REZREOB THEICSZ DFEZREGNICIER
BDEMICDWVWTCIRN e, Tz BREDEN G ZH
HETDLETHIFELDBEDICERND D, MEHEEDE
HEREER. &EURXIDOFHAPU X IEEZBNE Ul
NAZRICEET DHESEICDOVNTHEER Uiz, ZDHRT,
TEREINSYALICEDFHEDOERSE. —EFEN—
—>7% (Dual-task training : DTT) OE(EACH &S ER
(Randomized controlled trial : RCT) [C&RDNTAZIRIC
BI2DWMENDS. MEHBECHSVWC ZEFENENDE
BOMHEMIC DV TRz,

FENSARMLICE D < EEDREN B KD N TWVDIE
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AU (CRET HIFEEREIC DV T,

(E2F] £2&ETlF. BEVUIIZHRITOIREICET
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Bt 7R C. TNSDIBEMD SEREITAHIBIEE Zi&51 T
DEREUVCHBULEZER UERZIT O, TDE
%, Berg balance scale [CIX Stops walking when
talking test (SWWT) Z{T55HEA AN RDERMED T
DHREENSWVWC EDRE N, DT &lF. /ERkDIN
DAL HITIHMICINA . ZERBIIERE N ERE U
RUICEETDERE UCRSNIcEBFFIC, MEREE
DEFE U XD (WU DTT DEDENATEICHDED &
RSN,

(88 3F] INFTOBRBUIRRENH DG, ST
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SWWT DK SFBEIFTTER. YmDER PSIERERE

DEIRERBEZERF(C{TD 8% ~D Timed up and go
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MU SWWT [FZEIR—FFHM A ETH D, BEHDELZ
EFMICIEETOCENRBEETCTHEOEER D, — /. ZBEF
BT TUG PHTRELEF. FHEBARIFEETH DR
FNZ{LZIRA 2 L CEREBHOD. ANRHNDEWNE
RIS TCOFMDIcsD. REDOEFRIEICHITDEEN =
EDERERMUTVWDNICDWVTIEFESH THL, BEA
RIS T S EANFRENMESNIC< VDD EHRINT .
ZTDIHE I ETIF. EEFETKDOONDHITHDZ
ERBNBENZRENICSFHHCETOREZRFT ST
&. Shumway 5ICKDERETMN/z Dynamic gait index
(DG ZRAVc ZEZRENIBEENDFHMmDZ LM DIRE =
Iolce ZTDRER., INETICHRESINIC_EFBLIERE
H7ZEFHA T HREE DClHEFEUVEERKZR LI &b,
DGl [FMZFRhEED _ERENIEENFMRE L UCE%E
BTN ZEET S ENTRFIN,

[4E] AT vIUEI—DFERELD. DTTH
2R BE DA X IV ZBB S B DEM SN AT EEE
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DINzZEhEE 14 Z(CWd 2 DTT 2B U EFEED
DGIBRICH T DMRZEZRI LI (M), TDfER. DTT
ZHAUCED DGl B m(d. XEREED DGl BROZELIC
ERBRICKELENLTHD. NAICKDEDOE(LZHE
9B L TERTHIMEXR LS INS Minimal detectable
change [CHEHTDE(LERUIcCENS. DTT ZHAL
fEBEEAIC KD —ERBUBENDUES N EDR

| DTT EiEE=R
BRI LA BITRBER DR DATRT D EBARIC. YTy
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