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The effect of cognitive task performance according to downhill slope on gait pattern
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B A7 el A g 1A FAAlgege] B o] uXe i FHIOEN, B F A A Hojo mE BP9 T2
Wl FASAY] ok 2 B3] 7P B4S 53 U AL oSSl A ol WS AASHE ° B3] Qlth AT A
743 400 A A BA 129(uo): 437435 yrs, A1k 173.0+3.0 am, A5 72.2+75 kg, K-MoCA: 26.2+1.9)S AAsIH oH, H=|(0°)<}
W2lei-6°) AALlIA 242 R 9 o] FoA] BaS AASIGTE 24 24 (FA] vs Uige, 2 23e0A 9] A A Faell A Yepd B
8 EL Hwaly] 98 o] WHEEAHRARM(two-way repeated measure ANOVAYS AASIATE & AT A3, AT ©E 1o Al
RG], +247), B AD 9 84 5 3P 2 dZ7] ARt 2 BAo] BAFCE {8 Aolrt Ughton, B AAE
o} FAFYo| w2 F5AE aF ERTHpK05). 138 7FeHSlE AAE B2 atel7t Yehkor, FERA g wERHe] s
e FAsol) wel BAHCRE Foldh 207t Yehgthpd05). A4l AgEalel 7] o)F W 2 ) 43 &£ 9 /T E HAE
el SAZCE Fo3 Aol UERFTHp<05). T3 A= we 1A s le] 7PEASY FAee] ne OERd e 2 &
Zt7] N7kl 7hiAdol BAHCE Fodt Aoz}t YEIGTHpK05). ZE2F o2 AFtdAe UlEle A 54 AAE A FAZ 5]
ol HBAE FAB] Ao 2AlzEe B djEs YeE Zlo2 A

Abstract

The purposes of this study were to investigate the effect of cognitive task performance on gait patterns according to changes in the
downhill slope and understand the risk of falls during the task. Twelve healthy male adults in their 40s (age: 43.7+35 yrs., height:
173.0+3.0 cm, weight: 72.2+7.5 kg, K-MoCA: 26.2+1.9) performed normal gait and task gait on flat ground (0° ) and downhill (-6° )
slope, respectively. Two-way repeated measure ANOVA was performed to compare the gait patterns between each condition. As a
result of this study, there were statistically significant differences in walking time variables (stance time, swing time, step time) and
cadence according to the inclination, and stance time and step length according to task performance, and step length showed an
interaction effect according to the slope and task performance (2X.05). The range of motion of the hip joint showed a difference
according to the inclination, and the range of motion of the knee joint and the ankle joint showed a statistically significant difference
according to the task performance (X.05). The vertical movement displacement of the center of mass and the maximum vertical
velocity and acceleration showed statistically significant differences according to the inclination (zX.05). In addition, there were
statistically significant differences in the variability of hip joint range of motion according to the inclination, ankle joint range of
motion and swing time variability according to task performance (zK.05). In conclusion, subjects performed cautious gait patterns on
the downhill surface since they recognized as a cognitive task for maintaining stability due to the characteristics of the downhill.
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B FRoA AAQ] HHEL wlf- Fadt 84N HFHES
QA MIEAE P 93 2e BHo] o (Hunter,
Hendrix & Dean, 2010), F848< fAlsh7] 9l #4858 4 &
AAolsEE AdAQ] Ras S8 HEA]

SHARE llolt o Agk sxte] g Z=AA 9 ABEAY &
AR QAsf FHF BPS FAA] st B FolE FoIA
HH, £59F #3E AofskA Xl W 9ol Sk |
HPirker & Katzenschlager, 2017). &3}, Wagdo] F25kA W
AU B AW RS Faliske A9 w1 AAY delE

o

SUA HEUAE 5, 200D, oln) APL DA Sl
Ao A F5EL §A57] Jd) WA wy Ann
=0

=8 FFo| QIAFE QT SHHIl et al, 2020; Amboni,
Barone & Hausdorff, 2013). 53] W2l2t Bajo] A¢ HA | o=
o AG 5o AW HeRoh Bobgdt B e Yehfd, <l
A7150] Aok xRle] A9 Fefgo] ko]l i AES
7Yl BHaEa §)tkSparrow, Bradshaw, Lamoureux,
Tirosh, 2002). whebA, Wl 2aelld 28 5o 2x] 2 74
S5eEe P LS Bdo| oy E 4 9k

A A= wRlolu HASA Bul ofle} 925 2 B
Zol7h e AJAECMAAN B3 TAEE SVdolthCastaneda,
Henriksson, Marttunen, Suvisaari, & Lonngvist, 2008). ¢1%)7)%-&
A7, 8k, A%, A%, A, AERE, 23 9, dd8,
2328 5 ok 8%l weh FFs w|ulEol(Cerhan et
al, 1998), =91 = HASA o]9le] F2 ARloly Fd A=
AA7)E At M2 HAZ | st IAH HF 845 AU
AT & 4 9tk

AR FY F BRI 75s sk AFH-AEA vIEYA
(frontal-visuospatial network= F4% 2 3594 Fd9| 7 4
A8 Bi 7 ARE AMgsly 248, B3 &5 2 B 7}
HAS X3 53 QS sk A VAR s
ue} fdd 435 & F JEFE Hofske A 2Flo|tHChaubey,
Kumar, & Kapoor, 2021). 1A7]50] Aatd #lE $ake] A5
o} o] & F9r|sol Askd 7A¢ B A EHEA 2 7
Aol Z7lsle] R FA(freezing of gait)S ZHITHAmboni et
al, 2013). =3 W71 FolH(executive/ attention) F Azl
(processing speed) 9 A FHL& B 7] W3 B0
Aom, g AA7s0l FEFE By F #32AE FYo] Ah
ato] Yo 9go] Zrleltha B EQIckMartin et al, 2013).
ghAl, Bl Yehs AA7)1E Adke 371E HEF, W40t
H] 5] Aol Yehhs 2743 ¥ 7)59] o) #HEo
)7 |wfEol(Umker, & Lamoth, 2012), &Y 2 A4zt HRE
gske tiEgde A 99 55 5l AgHe dAsS
B A W S Fol7] 3 w23t o= ajle] & 4 9l
THAnsai et al., 2017).
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olFHA o e 2 <3i=|ojkkHausdorff, Schweiger, Herman,
Yogev-Seligmann, & Giladi(2008; Amboni et al, 2013; Piitulainen,
Kulmala, Maenpaa, & Rantalainen, 2020, i, o|¥3 & %<
3, 2012, &N, & ME, 2013, O'Shea et al, 2002, Grabiner,
& Troy, 2005; Beauchet, Dubost, Herrmann, & Kressig, 2005; Park
et al, 2020. olFIHA= F 7HAY] HAAE FAl FHFFOEH
AEAD TES FIAE  JomEAdr, & 299, 2015), o
ot 4-39] 2174212 A neurocognitive tesHE E3f AAH A
& Fogitt Han #dE dFdMe B 54T 3 A
F99 HA715F9Y, AYEE 5o ASE 4 Y= Stroop
test, Shifting attention, Non-verbal reasoning, Finger tapping 52|
HAE T Fske 2 A|Astod$itiDol, Asai, Hirata, &
Ando, 2011; Hsu, Nagamatsu, Davis, Ambrose, 2012; Peterson,
King, Cohen, & Horak, 2016).

Aaydtel] =™ Hausdorff et al.(2008)= ols3HAl Rae &
B w7t 9 BS TS itk B S50 §747] Al
Zol Zhastal, 7hAAo] S7kske ARE Basisl o, Amboni
et al2013)2 olFHA B AA Ay 9 HeHT 1
&5, AQARE BE PIAA|7]9] 7page] STkt E=3
Piitulainen et al.(2020) HArH] A5 tFo=E g AfolA
Ut B3-S TIPS v o]FHA| B A B £57F =
A1 BREZ 7o) ZrbEthe A7 23S Barsiyinh ¥h, o
THA B3 T a3E A% 2, A HAE 233 9
FHA Res T-HAS wiyt ght B3 FHe FAss o
Bop B35y o Azl ZloE Yt 5, 2012
A& %, 2013). O'Shea et al.(2002)2] ATIME 971 3z}
Ut 5 WO E o|FdAl 3o wE B el vlugt
Ax, 971E FAIF0| olFHA Bals FHsIGS b gnt
RS sigls unh, BE B £ Ao|dxrt ZH4AE0
™, Grabiner et al(2009<] AFeMe Fe 4Us tide=
Stroop TestE AAIFS o Y Byrtt Bito] Frlstal 7HiA
o] Z715I9 k. Beauchet et al.2000)= uF ARJdAl A AF
2 A7 olFHAE Heat] BPS AN A B S5
AQARE BE 59 7hAde] Rt Basiglom, Park et
al.2020)9] A= 2.7me] W7t AARRAA ol Al FEje B
s TP A, g olA olFHA Ras FYPFs wrf o
Y B3 ART B £Tof BEO spHAo]l A JeRt W
AFE S7MIZITAL Hsoith

A Ztee)l e MYATES ARy, 1A AH
B3 Al et At SrHErE dERd s SR s
A5 M1, R v Bt dades awEs &

%
o

$310] BY BAL Y= A0 ergtiES, B34 =
# UPHR & AWE 16, W, EASY By A 413} Q)
A% 3 AN mE SA) B FRENE 24T ATels

pea) wge] #l FHEHes Aol ol Hukurt 27 et
sow, w0le] A3 Ue Al FKe5E 1R 75



WA 7FsHE7F AHaetan, wEd ThsHE Sk AR
< HAHSAE, & ¥, 2016). 371E 3Ake] 49 Al44 A
SE olgste] BYPS T A, A &5 HAE S
AA Btk PARD Alojg HAATE ACE YERITHSidaway,
Anderson, Danielson, Martin & Smith, 2006).

S, B S Wrkshe AEEM AA A4 Aol
et A5 BauEa e, BT SolAe Bal Al AlA)
A TSRS AAA W AES E0la 78S Al
gk B3 AEs JeERoH(Menz, Lord & Fitzpatrick, 2003), ¢!
A7)0 AstE Wle APS oy 9= wolo] A QA7)

7 =R1ET Bl Al A ARl M9E AlojskA] Xat

e, A%, 72 7KEErE A Jverdtal B astithLatt,
Menz, Fung & Lord, 2009).

upebA, IA715H B HAEL WS WAE 7, <
A7l 7o EN B oE Qg AlLE 538 A<
AN gl B 4= SltiJayakody, Breslin, Stuart, Vickers
& Callisaya, 2020; Cohen, Verghese & Zwerling, 2016). S}ARL o]
Aol 9 A A= T g9 233 dEE d7e 9
A BHollA Uehus AlERE MFTs st e AT
AAE BasAY, olF HA} B At APATEL B
B3 A QA7|E E== P ik A7k RuEdnh =3
FolES A A 7eo] Bk 87EE W EEJMVH

ol A et A A7+ B A S EAs] AT 953
Ql ElolHE g5ekA Xek Aotk webd, E AT 542
W=t At T Q1A HA|Fso] Ha JHEM] X G
THEOEN, B F QA HA| Fofo] e By 5
s}, FASAS SR 2 B JRA £4S S 9 9
FE dSstal sl A WEE Ak 523o] Stk

B AFE FYs] A% 7HES v 2ok AA, Wt A
Aell W Q1A FAFYS AFZE B FEFS wA Aol
o =4, Wele Akl mE A HAge B F sk Ed
Vel | WA Aoltk; AR, g AAbd mE Q1A
AP B T A AFA] Aojdl ¥Fs wA Zlold;
A, el AL mE 1A ARl B 7hiAdel JEs
m1d Zoltt.
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EZo] g EFEd U2y B
o] =27 Agto] glom, A AA7E WFel &3t
< 40t 4 G 12%8E& ool 437+35 yrs, A%k
173.0+3.0 cm, A5 72.2+75 kg, K-MoCA: 26.2+1.9) 02 HA 3}
Aok =g, AFHIAE AEE] sl R ZEE AT
7HK-MoCA, korean version of montreal cognitive assessment)E

2 43 Ao ANl By AA5EE 2% F 239 o3l o
AT AT IS S AT U5 918 Keparel

P R R R DS Al,] SAFANE: 202103032, FAA:

2021.04.0< Egtow, BE PR Aol Hojshr] d 49
Aol thet S8 ABe =3 FYAE AT F Aol o
3hTh

2, F8F

1) K-MoCA(Korean Version of Montreal Cognitive Assessment)

B ATE S5 Sst] AR dRE BES AR}
2 %(Korean Version of Montreal Cognitive Assessment, K-MoCA)
© AZZHAYEGER), o3EGER), 7198, FHBED), &
FEGEY), F4ECER, AA IFEGE, AGE6E 8
N &Y felog A oHKo, Kim, Kim, Jang, & Chung,
2013), 71999 =2 A7 wiAEA Feth F Alae 04 T
Aoz 2334 ol B¢ A RF &3tk

2) 0fF 2IX|zir(dual cognitive task)

o]FFAe] g ZREZL 9lx) HA7L TIHE AL A}
7] $fste] ks A7E91A) HAKCNT: computerized neurocognitive
function test) & D HA7)s/Fde Frishe AAAS AA
(shifting attention tesD9} 2) %=t HI=/ATFE 9-97] ZHAKdigit
span test forward & backwardE A2 AAGsIHTh A=<
TAHL H7hE e vt 2t

(D) QAAA A AKshifting attention test)

A el wEoo] g thE WEo] AER w2 A
s A T e T99Y HATZEN AP B AL
2 7|51t =8 YAAAC gtk MY TFo| ShHo| A
Ha shuks el 270 sitel] AAEDh AT =3o] ARz
Y Ee 9 F ool sig =32 BAAEH o] 4 A
AAE o, =3 A wWrhdo} sl o® LRt
A= Ao AXE EF A e A XY AAE ¢
1l ‘6‘% I8 F AA e ggke a8 shug &2 SEeTth

T3] Refolu} A FA9E ‘i‘ﬁﬂﬂi @z $HE =
@,A}xm 73 Gualtieri, & Johnson, 2006).

S

@ 574 WEATZ 9497) AAdgt span test forwerd &
backward)
Qele] A 12 ACR @ A AN, e A=
A 1Y 37k A ] SAE B wE dles
ANG ARZ 9971 AR A0 o e 3t
W, W90 $He B3 AL WRTCR, & Mg,
2014).
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3 54 BAE (9 D3 o] Al BAW, BE 4
o A9 29, 08, 95, B D BACK, BFA, 2%, P2
W) 497)e] WA PIAS R H, 349 AL 5] 9

& 29X 74wlEH0qus 3+ Qualisys, SWE) 8tHES ARgslqich #
5 42 Qualisys Track Manager Software(QIM, Qualisys, SWE)
ARgStG e, AEY Faaes 120 Hz2 AR HlolHE

=
=
3]
=

T2 1. 0P RARI|

3
% ATE Tk el VA HEuor FAEE FEst
Hom, Alexander, Strutzenberger, Ameshofer & Schwameder
(2017)4 ATE Fast] AAEE (°, 6°2 A BA
A A RS 3E 59 AA o}&l By HN3&5(372+0.72
kmh)E et F dnkRsy 5 g Hago] 2silth. A4
ol B3 dloJg F5S 93l KSP-1201(Home trekking, KOR) Ed|
e ARSI eH, o]TaA] B Al XIS A 879l
Egcd gkl 23dS AAJsink <17 29 2ol A U]
gletoll A o)A B3 Al el 1= #A|(cognitive taskE Al
Ao, zt AHelA Uit Bzl olFabA] RS 7+ 37 15
2 F 43 Yt

1. Pre-test

{ K-MoCA test AR Y ME (23 0| %)

2. Gait test

Single task Dual task
(gait) (galt+cognltlve task)

- WEWERR

Digit span

Ape giel izl
Downbhill
(-6°)

T2l 2 APMOIR|ZA} Bl Hahals] MR}
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) 2A2

dAte] RYF71E Q8 HARH)HE the 224 Hz|
TRZ Aelst 7, 1 Zd)E OO%E ARy EZ3|(time normalization)
3l O3} o] AlEssith

- Phase 1: 229 HARH)FE 4 o|2(LTO7HA

- Phase 2: ¢ oJA(LTO)FH 4% HA(LH)7IA

- Phase 3: 9t HALHS)HFEH 221 o]ARTO7HA|

- Phase 4: 229 o]XRTO)HE 223 HARHS)7HA|

5. A tHol

(D A|F7t B8) H(gait parameter)

welet Akt 1A FAlFdge] e BRASEES qiEs] 9
sl B4 SXcadence), A17HA(stance/swing/step time), 2-Z(step
length), Eﬂ(step width), 3.8 Z=(step angle)e] ¢+ 2 EFH
A A § alelE BAETh owl, B Ars oA S8
A 2949k A9 FAlol WY Wk o] F= 75 o3t

(@ 3AFA 7158 (range of motion of lower extremity joints)

w2t AL 1A FAFE wet Uehus SR Ve
o] 2jol2 FHaly] Yate] A = FR(stride) F¢ke] 1
A, B2, dEgdo] 7FsH9(range of motion)E AREER] B4
o %P%EP‘EE‘\E}.

(3 B3} 7P (gait variability)

B3 7hAde qrHsbr] flste] #<4% 4(cadence), HPARE
(stancefswing/step time), R-Z(step 1ength) HZHstep width), .3
Z=(step angle)d skA|EA 7]%‘%4144 BAAISHCV: coefficient
of variance)g 4HESIGT: Al 2 wdle W 2 EEd
A o|gst AlkaiH, ﬂ% WE-gE e Folth B4k
AFCV)l et 3412 ot 2tk

CV= (standard deviation/mean)*100 [%]

CV g2 0ol 7MherE dado] =2 As gvlsid, 1004]
7}7]].%./]:& C‘L__]J,}/\-lo] 48 A&

@ A1) FYFFAcenter of maso) Ao}

B gy A Qg 13 A Al S A
SJ3to] 4 2 BRI BT F9be) A AFdlcenter of
maso)e] of% WA FH), Al L=, £2) D Ay 7
SRS, S AEdte] B4 B4
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a5y

AT BAS 2As] fste] 4 e 24 EE 3R 15
Z o] B HolHE F3 H o] 18-S A9 & 2
B1E152), 712828 15%), 27IG8~3% 15%) 1524 F 45
%9 HolEE EAo] &g3l9]om, VisualdD Software(C-motion,
USAE ARgste] #Asidith 39 Alge 24 A9 32
(low-pass filter)& ARg-sted 33 91 tlolg] 3 FHAAA W
ke xol2E  AAIeH, o At Fulcut-off
frequency)= 6 Hz= AA3IE 54 Ael= SPSS 250 Software
(BM, USAE ARgste] 39 32k 224 tlofele B+
FFUARE AT § oold RHESA BAHEA(two-way repeated
measure ANOVA)S A8l o, o4 o=05% EAsI3th

. ¢i7z=}

Ol
=

H
—

1. A2 22

el AL Q1A FAlrsel] wE AlFTH BEWae] Ao
& A A= <& DI 2k H3e] A7 Helstance time,
swing time, step time)¥} < {cadence)= AALECl wWE A}l
7b vebstor, Wele e A gAHT BREAzte] 24t &
& 7t 7RI 09). E=g, AAlGeol] we 9177 Al
RAL o7k e oH, #Al Hjo] dul B AHT 77
ANZE} BAo] Zhaske AC® Uehgth <1y D3 o] B

Okl
0
4>

IR EG ARG TSNS W FA7] 5 E Ade] 2
a3t E547F S7k8ke A%E Uehlen, eHelMs I
B A viAsHA S718ks 43S HITh

Step length interaction (unit: % leg length)

e—Flat

0.86
0.84
0.82
0.80
0.78

0.76

Single task Dual task

T2 3 Uelzt ZAlet R0 TS Estep lengiho] ABAZ

a1

2. SixlEE THEHS|
WEieh AAe Q1A Aol mE sARE Theslel A
°olF 4T Ads G Do At AR TheHslE AAE

o ARl e JEAE Edh vehbA itk Ao

£ 1% /PR WARG et 2 A 18aY JhE
W9} Raste Ao et W, s He ¥
S99} D29 A1EEslE BAHCR fold Aolrh Ueht
A Qg viRiste] HAo ls) FERA AEHsT 718t

(step length)}& ALl Ao e 4aarg avpt dehy B A% 831 259 sFNsls Aadke 489S Rolt
ov, BAA FAFY A U TA Bl Ztaske Aoz Ul FAFYe] B FERHs BEId /FsEsE 3 B
ERTK05). #27) @ B AR 4% u7ke) A9 3 8 o) Uk wa Aut RERds wERde] SHEEest Bast
of e BAHOE fold o7k UehtA gkt WAAME & ACE Uit 05).
A N e =k
. , Task Interaction Ground Task
Varigble (unit) Ground
No Task Task p n Vs p n Y 0 n Vi
Flat 0.79+0.06 0.76+0.06
Stance time (sec) . , : : - - 06 19 02 2 72 ot 37 86
Downhill 0714007 0.70+0.06
o Flat 037002 0371002
Swing time (seq) . 2 09 23 05 20 52 62 0ot 08
Downhil 0351002 0354002
, Flat 057004 0.56+0.04
Step time (sec) - a7 18 46 (02 25 o4 a7 a7 44
Downhil 053+0.04 053+0.04
Cadence Flat 104,796 45 107184702
. 06 19 49 02 28 70 11 14 36
(step per minutes) Downhill 114.70£8 97 114.48+7 36 ' ' ' ’ ' ' ' ' '
Flat 86.32+15 91 8397+1554
0Step length : : : : : ot 33 89 34 05 15 01 a7 97
(% leg length) Downhil 786241469 7842+14 .83
Step Width Flat 16.89+4.49 17 11£3 81
66 01 07 25 o7 20 95 01 05
(% leg length) Downhil 19164394 18.99+3 99 ' ' ' ' ' ' ' ¢ '
Hat 5374506 551+4 86
Step angle (deg) - 2 09 2 40 o2} 13 13 12 33
Downhil 2934405 4 44+4 88
“o{ 05
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2 SRR ISR (unit: deg)
) Task Interaction Ground Task
Variable Ground No Task Task Jo n S 0 n A Y n yed
) Flat 39.32+2 64 3891279 .
Hip ROM Dowrhil 28801416 28.68.4.63 o7 01 o7 01 70 1.00 41 o4 13
Flat 61704526 5955+517 .
Knee ROM Dowrhil 64 3118 61 62 94904 40 o2 13 36 05 14 01 45 %5
Flat 29051814 27 044642 .
Ankle ROM Downhill 23,7644 53 23251521 18 10 2 u 13 S 25 28 80
*0( 05 * ROM: Range of motion
3. AlM ZS4! Hlof
elet Akt IAl Aol mE AA AFEEA Alole] A COM Displacement (unit: cm)
o]% E “1?} 7&‘?’}% <E 3>‘?’]' %LE]‘ /\\_]jﬂ ;!S:]_EO]:%/I\:! Z-“O_]"\f' 76‘}\]'5:— ——Downhill task gait Downhill normal gait
9,]- jl]-;(ﬂf,l’c'igoﬂ q]?:sl- /\O]-ix_!-_g- _‘é‘_jl]—ﬂ- 1,]_&1,};(] ‘0%-9}1—]‘4. /‘\l jﬂ 7‘(__‘]%]: E 20 = = Flat task gait Flat normal gait
FA9l 57 olF Wel B At 57 £ 3 JikEE Ao g /
el ol7h eptor], 299 o)F W9, &=, TKEE Hol 0
7} UErA siokth A s wAR diet B A A
A AFENY 57 ol WS Ar) £7 &5 % et 5 e
7]_6‘}_"\5 7)‘1& q—EPXI\LW.OS, lalj 4)~ _T’,]-Z-“ —/Fg(])]oﬂ tq’% ﬂﬂ]é it ) Medio-Lateral
B4 Aol Wl Fold o8 LehlA AgbAT 39, 4
olEHSIsh &= B Mol FAE SRS Wk o 2 g i
_% lﬂn—(}iq 2.0
-2.5
E 3 AW| Z2EEA0OM: center of mass) Mo COM Vertical Velocity
y = Downhill task gait Downbhill normal gait
Task Interaction ~ Ground Task ” == Flat task gait Flat normal gait
Varigble (unit) Ground 02
) NoTask Task p n° @ p nm B p n g z
€ o1
Flat 311 315 £
COM z}% 75 H69 3 oo
0[EH9] (am) Sonrtil 274 286 61 01 0828 07 19 27 07 19 ‘3
064 063 § o
At 243 263 02
COM Z==! +072 +068 |
OI%HJ% (Cm) Downhil 314 3.26 .01 078 22 57.09.15 39 03 Stance phase (unit: %)
72 66
_ 012 013
COM Z|cH Flat . ) 0P . .
3 &L 008 00 9B(01 05 97 (1.0 06 06 18 47 COM Vertical Acceleration
(mys) Downhill %152 19@1032 . —— Downhill task gait Downhill normal gait
— — : = = Flat task gait Flat normal gait
OOM Z[cH Flat 015 016 - . 7
ES % 20 Y,
R & 003 004 67 01 070139 90 07 17 44 T ,’, § d /
ms)  pownil 221 02 s | 4N /
W 005 H00M g 10 /’ ¢ \ ,/ \
L) Y ¢ Y
; 073 077 5 . /“\ ! .~
coMay Rt 547 g1 R T -
I s 99¢01 0511 14 35 12 13 35 o 0 200730 o 6 o g o Sio
Downhill iO17 i012 & 10 /,/ /
. 250 267 =2
oMz Fat 574 ige3 20 -
T2 JsE 3'27 34'12 89¢01 0502 27 70 16 11 28 Stance phase (unit: %)
2 i f A * .
(m/s) Downhill 076 4062 COM: Center of mass
‘¢ 05 T2 4 LR AR} oiuErsio| WS ANERISA vie| 28| S 9 8| 78
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I 4 =23 7iHM XICV) (unit: %)
Variabe Gound — Task — - Interi(ztion - - Grc/);J?nd - . Te;ik =
Stance time Do'jvnathill ;i&gg] gsgiggg 7 10 27 65 o a7 47 a3 A
Swing time Donl\?r:hill g;giggi ggjg g 42 4 12 78 q 06 05* 21 83
Step time Do'jvnathill ;iig?g éii?);; 15 A 29 74 o 06 14 12 31
Cadence Donl\?r:hill gigﬁg% gggigi 14 12 31 74 Il 06 14 12 31
Step length Doimathm ﬁ??ﬂ :jg iggj;g 10 (o 6 5 @ 0o 28 08 @ »
Step width Donl\‘/ar:hill 1; 797%45255 %Zﬁg 67 01 07 22 08 23 87 qul 05
Step angle Do’j\mathill 59637321%58%53 16314%1123758227 A 14 36 24 08 21 Q7 18 46
Hp ROM Donl\‘/ar:hill ig?fzgg iﬁg 34 05 15 0ot 34 82 21 09 23
+ +

Knee ROM Do’jvnathill ;Séj g;' gggg ?? 39 04 13 29 06 18 31 06 7
Ankle ROM Donl\?r:hill gggﬁga ;égiglg 84 q 06 87 q 05 0o1* 31 a7

*0¢ 05 “ ROM: Range of motion

4, 28 JpAY R

Yelet AAke} ol shldae] Me By AL Ba 2
Fe @ D9} 2ok we pe AN Aol i 4
B2 T} YR Gt sBd As 5 e 71
9 ThaRe AAEe HE Aol Uepton], BART et
wa A nEd s Aol e Aow et
(p<05). WEWA 1EHS) ThaAe) AS FAFRe He Aol
7} ek, B malo] Uit maRh wEWAS] 15Hs)
FhaAo] Zashe ACE Uit p<s). B3, Al He
77 AR FPEACIAE Fol7h Uergts], sA mao] A
wa ARn §27] A 7Pl FekE Aow epit
(p<08). =B, BAHOZ Fold o)} VAL g
%9 uzke AR BT wahise] e e B
wrp Auks) A pEge] Zashe WEE Holw, FARYL
Hlad Zhele WEe worh

V. =0

LI

2 drelMe A B QA Al mE AlERt Hald
T, AR 7, B3 7pEA 5 AR A Aol il
< AAEL olF Tl BARES Al AAFHl utE B i
"o AolE Yt WA AlEtt B Aols F4
23, Wefet 2ajo] HAoMET BYARE Hele] o7t Fof
Aol wg} £ 47 STkt ], Al AAlrsel wet ¢

Zy7) AR} BAgol ZRAsiom, WAzl WERtEn Q1A
Aol e BAStep length)o] o IA 7adhs A3a4
A3t VRt o)k Axk= Hausdorff et al.(2008)2] Aol A
o|FIA B3 A H &5} §717] Algho] radke AT A
o} Aol etk dut Bajo] A9 dAF /)5S 8Tk
o|FIA B T u HaFEo] TUadA Hol By &5
7b Eolt= WS JehfATHmker et al, 2012), EF=d 2

ol B¢ 558 B &£of ZFo| EvlFssiy WA oA

HwE 522 Aort 7hegd His) ulglet 21 22 £
9] AA)eE 278h= AoE o EtiAmboni et al., 2013). wh
A, o]y A= EF=S o83t 1ALTo Y B
oA BE AE Tl QHHAS A A By dEs 3
Sl wet ] Az BOAE 24 HE AoE dddd):
SAACE frefgh atol7k UeRA] ARy, A4 1A 7
Ay Al dubRgE Fe ZYPARS YEY, 24 4 5
7¥he S Btk W, deetlie 7 20 B oulsst
s YT ole WeH Balo] A4 dA7]se] Eth 8E
7] wjgol ujglet Al Bee Fasks A AAE FA2 3
FHOE M5t Hol A 59 daglo] BalsEo] gt
Ao Agdn Bite| A9 SAHCE fojgk Aot UERt
A GUARE, HATH A BHito] FTIehe ZAde Balor, BA
B} vjEet 2ddA A mE Wit STk Ade
UERATE olddt Avk=s HAlAET et A A o F2
QA7ISE a7ab] wwol oA vehd B3sY 74 ey
Y et Ao AdEm, et BAE QIg AAlY =
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e FHaslel] 3l Hbe ZMIII 71 wrea of
suppord)= He ¥ A 93 dEgoew dAgHn o]9)
2e A= vl ofgol Hlal AA7150]l AstE Aeljolse]
BeolA QRS A7) I 71HeR HIEE SIS
HstE sl E 4 s Aot d 5, 201D,

AW 7SS A AR wE 1w TFsEslE
Welet Bel Al a9 7FeerE A e ACE Ueth
FERHEY =R 759 A AR TE FARCE
%915& Zol7F UepdA] tARE WEet AAtellA 7234 7

SHA7E Fbhe AEE o wEdRd JRsHelE Hast
© A% Hoth olgd Ade Yt By B4 FATAe
Aol X 9AA HEg B25e A9 HEAS A Hed)

(]F8, dad, ZA™, 3], & &34, 2019), o FE= =
& 2930 A FAE WEL JIAEE YA R AR 27

dzolgta ARy gk Yt ReET v B A FERA
I dmHAE] TS sk Z0E UEth ol olF
A B3P A] A AStE Qlef S BEo| BPFEE e
A Hed, olw siAEEY] TFsAE EUoEN LAY
& A A7l AR Alsdth webA, Hzls 520109 AT
oA A BEPRTH PYAo] AstEE AALE B3 Al A HA
o] 7FsHSI7E sk AAE AAshe Zlo® Ut

AA A 2 o)F WY, o 72 S5 2 Hof 73
7ESEE BAEG Wt B Al FTlske ZoE Ueptomn,
SAACE FoF Ao|7} YA B2 2% oF Hele U
ok A A Fadhe S Btk 988 520162 A
o BollA Wt BAt S71eke A9 AA F4le 2 W9
7v frefsiAl 7kt e w8l HeelAs Aol7h YepA] 98
ARE Basth ols e AA B A WA BRo B
e 902N A 25 EEF A} 74 o WY e
Sl SRS fFAs] Ad Wy Rals ek o A
ZHEtk mEbA, Wele A9 A ]7} Zke =214 Wsid: AAS)
of osff B Al FAIFA 2 W B FE FIFE F
Ackal AgE oItk ghE, BA V—iﬁ olakAl gFtot AL
Toqﬂ zhoMe FATAY WHelet £57 o STkehe A

Bleds Eetal B A7 SAE S0l ofa] Hoigh ¢+
7‘3% AAY 2d5Es fAslEe AEeR Aw, FATAY
ol F AolE YEA] = 2102 Aled:

B 7pAAC] A9 Wt B3 A 13 7hsEele] 7haA
o] F7FIAoH, AT A WEHE 7heHe] 7ol A
stth e B A S fAs] fEl AA SAe B
0 FERH F3 %S 27447 (Prentice, Hasler, Groves,
& Frank, 2004; Lay, Hass, & Gregor, 2000), 55 78S 48t
71 3l 2A = HLeroux, Fung, & Barbeau, 2002; Vrieling et al.,
2008). weba, Welet ZAAF Be) Al Ao ® 2931 AA Sl
ERH 43S A 8l s AAAA SH8E R,
TS =3l g3l tiE 2-o] FZo]7] o] uWd Ths
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1 S7IE et 7N E FVtehe ACE ek

E3h A B Al =R 79 Aol ZHAskgith
Boonyong, Siu, Donkelaar, Chou, & Woollacott(2012)= F4l 28]
BE 7] a8l FARY A BRES ZTaAA S FAIS
b1 Buslg o, Pinto, Salazar, Hennig, EKerr, & Pagnussat
Q0200 <FE8E Ask] 8l olFHA B A A9 #A
7FEHE AR Stk weba, BE 7kl ofs) dE
Ao 7FsH7E A oEN 7hE I aEe ZoE A7t
Hck

3L AAFl i BIARe] 7P 7] ARt &
7kt o, 477 9 BEARE 7PHAES Fefgt Apolzh v
7 g9kt 7] A TR FE HE A ARREE 259
Ao I ARl 75 o] ‘ﬁ'%"ﬁ ‘3%01 HHA) 5101 B3y
SAIM Yehbe 255 vl = W,
F27] AR 7P 2 73 Ao T et %"%hg 17
wizo] Bl 57} ek 79 7HHAC] $718 4 dtkToledo
et al, 2005). T3 B AT AoA Zt BaAzEe] 7hHAC]
E49l JejZ Yepith= Grabiner, Biswas, & Grabiner(2001)2}
Hausdorff, Herman, Baltadjieva, Gurevich, & Giladi(2003)¢] <3|
A BT 7hAdol A7 YAl HEE Yelle A3E A
M Eis=

B A7) BAe ve e Be A FAsdel na
Sfe] WAE G FHFORA, BY F A T Rl
W BG4 s, PATAS gy 2 uae] shuy

32 IS e g PEE AR

73 WAl wlal BePER AHe] B4 7HA
7] wEol RZ(step length)3} ReA|ZHstance time, swing time,
step time)o] ZAH1 B4 Scadence)7t Eolyth IAls Al
% T BPHT Y7t7] AlRKstance time)o] 7HAsIHOH, T
ofgo] a7EE WY AHelA dnk Bes 7S wofx &
B ARNstance time)o] ZHAsiGith &4, Wt B A] 2o
B A FA FACERE AEE fAs] S AdgeR
AATAE B 7] wiel 1dEe] 7FsELE ATl A
O F Uit E3 o]FHA B A QS FRsh] 9t
TR GERY 7RSS AANTE ZeE YT Al
A, W2t AA B Al B AAA ARG 2
HAE Ao EN 2 olF WS F/H7IAL ool wet A
i 72 S5 9 JAd 54 7REE7 ST UA, dee B
g A QA AFea 2 ol Wy SR st 1A Tt
S 7ol STlelGTh B, oA £ A BE kA
of o3l WEIE JFEHAE Aldket] 7HHAe] THAEGIoH,
THTA 58 2ol s 2471 ARt 7hiAgel S7Fsksith
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