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1. Institut de readaptation Gingras Lindsay de Montreal (IRGLM)
2. Informed Consent forms
3. Centre for Interdisciplinary Research in Rehabilitation



WAA (Lol g 5l YO o )lod ) 088 ¢ b ys b Slalllas "W

layT 51 Jeoo 5 59y o280l b QBALS S 5h QLT 5l ey &5 09 O ppoinlay (9031 Ul
A (e D pginliy (P e g SIS (s |y 053 380, (e e pes 0D el
(4l #o-F0 12 5l G 4l )0y o/)) (2,00 Oygods 1) feod i S Sigejl lal a5
05051 5 Ad 0 00l ki gy 0 il Al (53, 45 )1l 5 Byl ey 0l o il
O3S 5 ol sl 1y 053 ey S0gej] Al 1 e D95 ety inl8l Bamlie 4y 08
ol g AT 0,8 oo el Sogesl aS Sl i e eols ialBl aes 5 s s 0,90 0,5 o
N Dzt o)l |y Cepu Sigesl (] Gl Gy el 0l g 5 s ol ey
b lp aS ey il caly ol o aS wlS G155 ) e 0,bgs Joge;l B ools e yialS
5 osasl dole plod )3 (Y 0) wigo ool (Fogas] (o S (lpieas w05 00l (5155 g0
OR35S 55 85 35 Oysoinlay ogeil dolpe il eslil (Fageil 2 4 ate ez S e s
G555 0T 5 omp 9 Gl edz) Wiy o oy JolS (ol b Jeod 5 59y akedo S ozl ol 31 gl
Mg g le (Jlis S Sine S Bsbl i (3ol a0 & Adion S (6550
sad 4 Jogesl a5 cubls anlol (4l VOIA £ ¥/0) by b olin adbogius (dins piiz)
o 5 S S |, S Sisasl sl 55,8 51 (5Tl sl 5 532 Sadp w5
L s & Loy (sla s ol ol I s e 5 b ik S 50 Lo ge)] S|
S5 ooy e dw b ol ilacel a5 0g idieS & Jolis dl> o ) als plil oLy Loz
boley @ 5l (S absS o 50 b Sl gk ool sln a8l gy g asl 4w sl
2 A Je Sl 50,500 1adin 3y o8 L Cin Lol L L a5 ape i
Ghpely @ 89,5 5k iz b (Goseil il st Jlesl il gy lej e 35 8 gl edsS
Sl Al S g o0 Sle Al 7y Gaedy S a8 pais 5l G 0S5 6
i S ey g A oo Ole Al iy Soedy Sioe o8 AU can 5l e o)bgs 5 Sl 00
st 05 S s A ooy e e ] abie Jlecl £555 olas 3 30 e Sl
L oidsS dw 5 ail aw loy o b idsS aw il G pley Do b idsS aw b Joge)]
ol pln ol Jlesl Jlaiae ey Soe [b aw (1S o 0 a5 wisls pll 4l miy by Sos
Pl (LdsS 3 50 )b 4w JiudsS aw) Sk & ggazmays | GLaE] ploj Do o Gogej
Wy Obbas (oS & aSLl Sl g g (Bolal Djgody DS A e (eiaren 210 o

1. Preferred Speed
2. Liquid Crystal Glasses



" S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

UiingS b goge3l ] o 4 ab plul (5,98 (solool yeel Ccolpinl 4B Ve 5l e L;,o.g
YR 5 SVsb oy Soe gl Sas gm 10,5 1SS 0)bed | ey i b 58],
A oo Slo G903l S 4y dias (aSbVEIY

SrS ol sl Lol o ails p Soge;l 4 SS 4555 1 5l Ol Lg‘).;J.:.m))S Slybl sleos s
Sy odd gl a5l aS A;Mva_.l G yoS o 090 oo

9 4xho So Ao 5 25 g 09 el I dend g0 Jold gl (ol 5o eadoslitul Jres 5
ol oS (S555 5280l ey oS 05y 48,5 13T (S el samie VLI cls i ysS )
ol oloj 5 Jees s (59, 4nbly wlad Gloj et sl e S Ay psbodr (e
g Vol G 4 98 o5 Gley S 000ny 1 oolitul ey Jeall S 59y 5 Ay
Giae Vel S gy a5 Gles 5 o ad (5] Al e £9,0) 4l el lgreds i,
o Julowigas s 6l (O Y V) al e (01 Al e pladl) asxy adaily laiedy o
S Jeloisan sz olliws l (SoleiS loosls ol (gl ad Sl S Ve o
ON 35 4 03 a8 gdle 4 il (5la,SLES 5 (g0 ez Jal 4w sl guman
Sl sl yeite dbna (sl il LS (Ve ) 8,5 e 8 biae iy o
Sl oolatnl gl 0,5 0g0un Gl a5 (S (izren (O TY) 0l colaiul Hlaiae
Sl b Blad dlys slople; o Kigesl Lo oy S Gesbil o 35 ol i 5
S5 8 Sl 5500 10 ol )y Jarll oK 55505 s iz b e
g Mboe aLblp (rae) 53 5 b 45 Gloj (ghm) Sy o0 (g Vol eS 4 e el e
5 S O S0 e b g5 aomdo I (S S SIS S ()0 plug Al e @
Sl IR 8L )0 5l e S5 ] s o o0l )8 g 0ol (glulz Sue jo aS ooldh il o
Sy STy ador Sl Sine gy yho of 5Ly ST a5 sliw B o0 Sie 4 (IS 9 amio
A oo Blad g dl goy0 Ole CIls 1 lazel loy Doe (38 5l o g iy

. Handrails

. Harness

. Bertec Corp, USA

. Heel Contact

Toe Off

. Optotrak Certus,Northern Digital Inc., Waterloo, ON,Canada
. Liquid Crystal Glasses

. National Instruments USB-6008

ONOUTAWN R



WAA (Lol g 5l YO o )lod ) 098 ¢ b ys b lalllas Wy

b Gipp sl eldad Gl 9 ez 820 S5l LS Bkl 50 slaesls esls Julo
s oslital ez 820 Ssl e V0TS ul LS Sl (SulenS Glaedls sl 5 wins
PV 97 i (SSleisS laosls g gy slaosls sl (5l peiged W5 (V- TY)
Sae el atidly slosaaze (Ye YY) 0l Lows e Fr 4 bosls' g5l 5an lp 45 o
Yailfes lG1 oloy e ol Aoy oiiaily 5 anil Goled o ley ALold) 151 Al e oyl
Job Aald) o5 Job (o sl oy pudaid 5 col) b ik les (m Sloj Alol)
la o Wog (Suly b s o b (o850 o) o5 (oo g (Culy Sb g o b il
b oyely 5 6,5k 5l Jd it i b 380] b i b 3850l, SlaabisS 5o a5
Wb dlre ()85l Sl Gy A @i

VP s ol kol DIl ) eslitul b ol dallls slaosls Lgylel  Judxs
Olabl ' Sy gl a5 Gaybil Wools pogs gl 51 aSl 5l Gy sl elovigay 5
aw Jold Jite paite a5 0l osliiul ()85 slaojll b (il ly Jelos gajl 51t Jol>
Slam dn piar b (5850l 9 )5k 51 b8 a widar b (280l Gl iz b (28500) mhas
Syloline o ol ooliinl Sgyhigr cmbiad yge3l 5l godgd slaamslie slp 0gr (6,55
RGPV SIS P S

P
lrools (puzman Ll oals 5158 SO 8 led Jgu o Lm‘_g}oyaﬂ libcomes Oled!
4.‘:‘)1 9o é)Lo.w J5~.\> )é 4\.»..,...:‘5 ‘_gl.ﬁ).».t.;do (5‘)4 0)‘\.\.:[.....»‘ d‘)m‘ 9 JS)Lm L) ‘L:y).n GM}J

loduds

1Fourth-order Butterworth filter
2Cut-Off Frequency

3Low-Pass Filter

4Alignment

5Re-Sample

6Stance Duration
7Double-Stance Duration

8. SPSS

9Shapiro-Wilk

18onferroni



wy S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

(3 Il Gl il £ (aSiloo) b Fogo;T i bubcaras Sledlbl - Jou

O30 )l 9 (3 Lied [V
VO £ YIVY O
VIVY £ /0¥ Y

YIY £\YNE 38

(o5l 0 jlailiew! B y2ul) Wglise byl pds )0 ditly sla ppdio 61 (mogd @S -Y Jgor

ST lej e IS51 gl ke RENFI o5 Job
(46 o) 456590 (426 o) (o s5lw) (0 s55l)
VEAINY £ YYIY . YYY/AD £ £+/¥1 \YIYOD £ Y/AY goIY £ VYIYA 5b et
VSV EYYE FWNFETAND VY 2 YNA BVIY £ V/B3 = e
&85k
il AR
VAR EYESY  VAVBSFEO-YY  VSABEYRY  selesxyas 0 ST

s ,5 5k

oS ol plas S5 glaoslail b uilyly el g3l epite cnl smin 00 B Jsb
oo b S oslein S g3l ) eameiipe P <1 0) Cond 3 (lzrge ug)S 28GR
Odyely Dglaie bl aw o 8 Job as ol las gl pl ol solatll ol ol o
Job a5 oy las b puSilee dslio (Foyyy a.any = VITOT P =+/-18) 5 1o (5 lolre glas
Gl jebas Gl iz b (53850l b annlie )0 (6,550 I bd aty i b 3380l oy o8
5 b8 50wt iz b 380l Ll ph 95 0 65 Jobo cizren (P = /e e ) Cenl aiSly falS
Sl 0,5 1oy Gl 5 51 615 o Siln 5 0l5 5 line gli5 (555 51 o
Gl 5l G a9 5L i b 8ol o (g loliee gl culys o (P = /- FY)

(S Blos JS) P =11+ +) wid ounlie

1Greenhouse Geisser




WAA oLuasli g 5l YO o )lod ) 088 ¢ b yg b lalllas W

P <N =FF P <o =) ol y wglicio byl pd yo o Job —) S

e s, B 45 S 5 S s Seslal  lfy bo pes] ts lS p0
OLtd a5 0 oolatul a5 wsles S (303l ) aziyd oP < /e V) G 5 e ol o
Fons aary=FAYY P =fove) oyl loline glas chglaie oyl du o puriin ol oo
oy iz b5k el G a5 0l (LS g ki shind (93] 5l ol (o7 sloanslie @l
S92y (§loline Dolis P =+ /02 1) )55k 5l o s iz g P =200 +) 6 )55L0 I 13
P =1-18) 3,5 0929 lolime Oglay 55 6,55k 51y 9 B sy oz (o epuiimed 2350

(90 8,lels JSC2)

(P <.+ /= ** (P < 0/‘a=**)c’.’3)o|)05w.0 b')ﬂ)éf@u")ﬁ—v ‘S-w“.



o S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

033l 5P > o 0) 35 i (arse CugyS (R Sl 4 4z L ST by e
S loline Sglate Loyl aws s 1ST loy S s ylas a8 ol solaiw! degau] Sty
Lyl 5o 1551 e ke o ols Lis Sgpbiny nkS (39051 (For any = AAAF P = <+ - )
Ll P = e10)) asl oo 5 oy (5 loline 0l 5L piir 4 o (6,550 51 (L8 ats i
5 8 50w i izen 5 P =0 /FY) )5l 5l o s i g 5L i lalyd G

(s byleds JS8) s sawlie (g lobire glas (P = +/+#Y) (5,85l 5l am

(P < ofo) = %%) b ol ) coglisie byl 5o (5T oylo) cove =Y JSC

GlRAr PR b ))Se @S oilail b (uilly Jelows (9051 gl :ailEgs IS ploj ke
3,15 3525 Jino juiio zhaw dw o (5 loline glas aST Sl LS P> 41+ 0) dzge Cug)S
oRelS dacglis Jome (ol Slp (S9,Eg (ol G905] @S (Faran = FAY P = -/ 19)
5 ez & S L 5 S ats i Lalpd o ailSes ST plej S yo 1) (s lobine
s P =1V"2) 5,55k 3l am aiy piz g 3L i Llyd o (P = </ FY) ol olis
J5) ais saslice (g lolise glas (P = +/-0) 6,55k 3l ams g 8 )0 diy i (puizmad

Gl 8,less

1. Sphericity Assumed



AN (leasli g5k YD 6 ko ) 055 ¢ b y9 b ilalllag W

o
WY
*
W) —
14

(4l o) 4595 o1ST yloj Sono

T

\I4's
70
£y
)
104
N B
100

3b e 3 B Aty oz 51 g Al o
1™ S5

(P < oled = %) udyoly coglicie baylpis 4o ail¥gn UG oyloy oo —F JSis

S5 o g Sy
SSsS sl ol LSS b 5l b ey 2l Al ol 1 G
Wges @b Mlazel (oymeys B3l (8518 (agh sleaidl eluly g (),
il ol o5 b X L el el 4 bl 0sd o g wS Sl 6,55l
Folil sz o el el b g5k Gl RSl (5155 leasdl, S o a5 5k jlea
3 S s it Sl o @ilE g GISST ey o o Sl Al 6 ley e o5 oy a5 b
ST 5 1 ley S a8 Job aisls flas 5L i Lalyl b 1) g lole ooglas (6,85l
sl el )b lazel b g )5 5ke 51 G wassls plas 1y (g lobme (iol38l g5 550 5 SialS &5 g0
Solay g wiiS b s Ll 4 Al g ST ley o 5 ST Al e ley o pl8 Job
550 iz S G plimen @8 (58 05000 Lol 28y (il 5l miz Sl L ag] ol

il 352 g lolie Dglas (6,85l 5l oy Aty el



wy S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

Oty Slllle slaatdl b pol> agh mls o oye 5 Jsb slayull b bLs)) e
gued (VF) a2 gT@aisnss 5 (M) ) en 5 lagl!l (0 YY) o Ken ) jadle yozan
ilab g Jols bis ol wipS oo J13 b Blasel (pyeeys ol &S e ol
ol g o (TY-VT) wis oo plowl o5 (2pe (alifl 5 5 Jsbo (2alS (gen (GMhass
(Sl bi sly Jale o inge 80y 5" alrals 5o 0 e Soles aaidl ol ) 5
L el ose ol cnl 5l oliabl sl o3l sy sl 5] s B3gae 1370, 55 50 Lai
Bl 2 p )2 3550 B sims oo 25 1) o5 Jobo g aims oo Gl ST o (a3l o L
o anlllas cpl 0 (Y YO YP) wb pals 61 mhaws 51 )] ozl Jlaist g 05 503
b a8 Job lade sxilys s 515 ) S gla Alasdl (5 pme s o 8l asl )
3 5i9y55 ) Slalllas b ulis cnl 2,55 )13 (58 3ke 5 cnye yeibices ol (ise Ll sl 5 5
e e pl wloly o)ls Slsdea (YA YA) ol )Kan 545,05k 5 (V) o K
Sz @lral) o o sl Sglite (J S slas paly Jdsa (olin AlazEl L (280l
Gt Comlas (Al3- Ll0d Caz 0 plraly) 5 Jsb 4 Cend (- Sle
S g el plie aS cal ol i ol ol o (Y YA V) ol e
Ll s JyuS el o 53 5 Jlsdyd slapslfe bmgi wlgi oo’ (ils- olod Cuz i
Sl (K2 Gkl 5 Jb Ojpon plralr 5 ol Jid7 ile- e ez o
@ (YY) 0,5 0 Sygo (omae pluw VL golaw o (oe > 9 (aliw (iloo
Jub 500 o5 oy 9z 45 esyige S 5 9 e 0l |y 58 cnl s ol dalllas
2 Vaiol 0,5 o )18 licon i (ilead olfanyo g 09 cn JyuS (oras piamsms bansgs

23,55k (grmb e 4y U sl LS (g5t 6,53k 5 0 el

. Hallemans

losa

. D’Hondt

. Locomotion

. Center of Mass

. Base of support

. O’Connor

. McAndrew

. Anterior-Posterior
0. Medio-Lateral



AN (leasli g5k YD 6 ko ) 055 ¢ b y9 b ilalllag WA

5 a1 Gl e g ST Gloy Daw w53 Sloy sla el 8,Lj0 aS ek les
Suigr s 9 (Y (¥O) )en 5 yiadls Oladllas b bl cpl a8l Gals ans i b o280l
5,99 5,0 iy (Y YF YO wiS o 5 Vsb |, alfes ISl Al e waims tals 1) a5
(o (VF) el 5lLL oy 9 0,5 oo 13 Sl mhans 1z )15 gy 55 00 AESS Coles
Ct s bl Wilgs oo ailE g ST 5 I Loy awe ]38l sl ;00 Jdo coldlas ulul
Ol Glp b aims oo (il ) 1 A e ley Sde e s mdlS L ol 31 as” il 380l
Sl sl plasebl Gl 1) 8ol mhaw b @S Ay o 8 8 Lo olin Cangxe
S5 Slallhas ol )0 45 Cadl (5y9,0 4S5 ol 4 gl (VY YO XF) aiS il (i
Lol casms LzalS 1) 053 38 0], s s 2504y ;018 Lo 0503l g 39 00l plxil fyae) (55, (3850l
Sislys o B oo ol Sl (Giep 5o g e sy, S Sl s 4 ol egly o
by Gials o8 (loj Do i wiir b Jowo 5 (595 20l ol 457 000,87 5158 5 (U
obey waw sl 1y Gglaie ol La;‘_s_;oﬁmﬂ (o8 y0ly ol S oo Judods a5 wisls ezt g 0,8
dlas wiloy Plasay aiws gt b 8 joly sl 1) 60,65 slallas b s, [Sa pl8
S o Cala s 5l 5l 35 55>

a1 e i Bl 45 3 Jeesy Sl S ol iagh lacusge S S
0ds 5 pSoslal sl s (o Jloliae slacglay (ol Ce pus 3529 b diz o ols ol Lm@'oj,cﬂ
5 olebsl sl 6 w3l (6 ool yaesl adilal (img ! S8 Cusgase ol odalie
b Ot b ol cw) 0 G] ol jrmghs 10 uizren ol oy b yo ol )8l (6,50
w23 (Y TA) aijle a5 K0 cw slopians plo 5l lics olis 4 a5 aadls ol 31 L
gl dyj tish oy 5o oLl (nl eanl lagiassy ;o osdie Sleiia (nlply s
51, BT Jolas J5 5 05 il ke ot 331 al o1 S 5 i oo (5 5Ly dindgm
IRV-XNIVINLIN] [P ST | L w1 -3 FPR

1. Single Support
2. Probe



AR S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

5 wloas abswl 23500, 6ol 5 slin Sl laid 5T Ay, sob) Slllas (IS sbay
w8 Jsb olS Gezmed (Gl o b 2,975k g i8)el,) a5 Cenleoly plas il
a8 ie slo Sl gl DAL Byns TSNS 5 e b sl e oLl LT oSl
g cpl a4 Zwly gl el plo sl oais plosl glasdllas i b aiws als |, oley Sledb|
i oMbl ¢ Sl plazel b 6,85l 51 8 a5 wisls las ol iegh sleasdl
PB b I L 850l, wdg Gl el e GBS Ol 4 (Bes e g g5l
I8 el pilazel pireye 5 S jebay ol 3l aSOl 5l e aw, oo Sty Lol oY) oss
ol > 9 S5aldS s g fide A5 L Al 0 9 2800 S9) (o> 5Bl NS (o
il eyl e lo ol AT Slin pacew A aidl ol 8l o594y 5 iyl olin OMSUw
Sl o8l g Jols olociwsl azmen saz o,k 5l Clisl 5 Slolil o yioran g
g @dly snde

SNy g $SKiS

56T i 5o a5 sl Losele g ool glsal 5 (y5lanz (i j0 457 93,55 Gl |
BPESIN 1 PN IS S VIR GO [ AT S S PR X i FOVRP'E PUNPIPR Y O F P P OX g RS
o 1y 555 JS sy cnl 5l o 5 oale el (sl iyenls

&b

1. O’Connor SM, Kuo AD. Direction-dependent control of balance during walking
and standing. J Neurophysiol. 2009;102(3):1411-9.

2. Patla AE. Understanding the roles of vision in the control of human locomotion.
Gait and Posture. 1997;5:54-69.

3. Jahn K, Strupp M, Schneider E, Dieterich M, Brandt T. Visually induced gait
deviations during different locomotion speeds. Exp Brain Res. 2001;141(3):370-4.

4. Matthis JS, Yates JL, Hayhoe MM. Gaze and the control of foot placement when
walking in natural terrain. Curr Biol. 2018;28(8):1224-1233.e5.

5. Hallemans A, Beccu S, Van Loock K, Ortibus E, Truijen S, Aerts P. Visual
deprivation leads to gait adaptations that are age- and context-specific: 1. Step-time
parameters. Gait Posture. 2009;30(1):55-9.

6. Stokes HE, Thompson JD, Franz JR. The Neuromuscular Origins of Kinematic
Variability during Perturbed Walking. Sci Rep. 2017;7(1):808.

7. Hallemans A, Beccu S, Van Loock K, Ortibus E, Truijen S, Aerts P. Visual
deprivation leads to gait adaptations that are age- and context-specific: 1. Kinematic
parameters. Gait Posture. 2009;30(3):307-11.



AN oleasli g 5l YD 6 ko ) 055 ¢ b} yg b ilalllag 12

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

losa M, Fusco A, Morone G, Paolucci S. Effects of visual deprivation on gait
dynamic stability. Sci World J. 2012;2012:1-7.

Cho S-Y, Ryu Y-U, Je HD, Jeong JH, Ma S-Y, Kim H-D. Effects of illumination on
toe clearance and gait parameters of older adults when stepping over an obstacle: A
pilot study. J Phys Ther Sci. 2013;25(3):229-32.

Rhea CK, Rietdyk S. Visual exteroceptive information provided during obstacle
crossing did not modify the lower limb trajectory. Neurosci Lett. 2007;418(1):60-5.
Rietdyk S, Rhea CK. Control of adaptive locomotion: Effect of visual obstruction
and visual cues in the environment. Exp Brain Res. 2006;169(2):272-8.

Rietdyk S, McGlothlin JD, Williams JL, Baria AT. Proactive stability control while
carrying loads and negotiating an elevated surface. Exp Brain Res. 2005;165(1):44—
53.

Chambers AJ, Cham R. Slip-related muscle activation patterns in the stance leg
during walking. Gait Posture. 2007;25(4):565-72.

Patla AE. Strategies for dynamic stability during adaptive human locomotion. IEEE
engineering in medicine and biology magazine. 2003;22(2):48-52.

Hollman JH, Brey RH, Bang TJ, Kaufman KR. Does walking in a virtual
environment induce unstable gait? Gait Posture. 2007;26(2):289-94.

Oliveira AS, Schlink BR, Hairston WD, Konig P, Ferris DP. Restricted vision
increases sensorimotor cortex involvement in human walking. J Neurophysiol.
2017;118(4):1943-51.

Moe-Nilssen R, Helbostad JL, Akra T, Birkedal L, Nygaard HA. Modulation of gait
during visual adaptation to dark. J Mot Behav. 2006;38(2):118-25.

Houwen S, Visscher C, Lemmink KAPM, Hartman E. Gross motor skills and sports
participation of children with visual impairments. Res Q Exerc Sport.
2007;78(2):16-23.

Jongprasithporn M. The age-related effects of visual input on multi-sensory
weighting process during locomotion and unexpected slip perturbations [Unpublishd
doctoal dissertaion]. [Blacksburg, VA ]: the Virginia Polytechnic Institute and State
University i; 2011.

Dubreucq L, Mereu A, Blanc G, Filiatrault J, Duclos C. Introducing a psychological
postural threat alters gait and balance parameters among young participants but not
among most older participants. Exp Brain Res. 2017;235(5):1429-38.

Lauziére S, Miéville C, Betschart M, Duclos C, Aissaoui R, Nadeau S. A more
symmetrical gait after split-belt treadmill walking increases the effort in paretic
plantar flexors in people post-stroke. J Rehabil Med. 2016;48(7):576-82.

ljmker T, Houdijk H, Lamoth CJC, Beek PJ, van der Woude LHV. Energy cost of
balance control during walking decreases with external stabilizer stiffness
independent of walking speed. J Biomech. 2013;46(13):2109-14.

Hallemans A, Ortibus E, Meire F, Aerts P. Low vision affects dynamic stability of
gait. Gait Posture. 2010;32(4):547-51.

D’Hondt E, Segers V, Deforche B, Shultz SP, Tanghe A, Gentier I, et al. The role of
vision in obese and normal-weight children’s gait control. Gait Posture.
2011;33(2):179-84.



') S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

25. Hurt CP, Rosenblatt N, Crenshaw JR, Grabiner MD. Variation in trunk kinematics
influences variation in step width during treadmill walking by older and younger
adults. Gait Posture. 2010;31(4):461-4.

26. Espy DD, Yang F, Bhatt T, Pai YC. Independent influence of gait speed and step
length on stability and fall risk. Gait Posture. 2010;32(3):378-82.

27. Hollman JH, Brey RH, Robb RA, Bang TJ, Kaufman KR. Spatiotemporal gait
deviations in a virtual reality environment. Gait Posture. 2006;23(4):441-4.

28. McAndrew PM, Wilken JM, Dingwell JB. Dynamic stability of human walking in
visually and mechanically destabilizing environments. J Biomech. 2011;44(4).644—
9.

29. McAndrew PM, Dingwell JB, Wilken JM. Walking variability during continuous
pseudo-random oscillations of the support surface and visual field. J Biomech.
2010;43(8):1470-5.

30. Bauby CE, Kuo AD. Active control of lateral balance in human walking. J
Biomech. 2000;33(11):1433-40.

31. Donelan JM, Shipman DW, Kram R, Kuo AD. Mechanical and metabolic
requirements for active lateral stabilization in human walking. J Biomech.
2004;37(6):827-35.

32. Anson E, Agada P, Kiemel T, Ivanenko Y, Lacquaniti F, Jeka J. Visual control of
trunk translation and orientation during locomotion. Exp Brain Res.
2014;232(6):1941-51.

33. Grillner S, Wallen P. Central Pattern Generators for Locomotion, with Special
Reference to Vertebrates. Annu Rev Neurosci. 1985;8(1):233-61.

34. Forssberg H. Spinal locomotor functions and descending control. In: Brainstem
control of spinal mechanisms. Netherlands: Elsevier Biomedical Amsterdam; 1982.
p. 253-71.

35. Hallemans A, Ortibus E, Truijen S, Meire F. Development of independent
locomotion in children with a severe visual impairment. Res Dev Disabil.
2011;32(6):2069-74.

36. Patla AE, Davies TC, Niechwiej E. Obstacle avoidance during locomotion using
haptic information in normally sighted humans. Exp Brain Res. 2004;155(2):173—
85.

37. Bugnariu N, Fung J. Aging and selective sensorimotor strategies in the regulation of
upright balance. J Neuroeng Rehabil. 2007;4(1):19.

38. Franz JR, Francis CA, Allen MS, O’Connor SM, Thelen DG. Advanced age brings
a greater reliance on visual feedback to maintain balance during walking. Hum Mov
Sci. 2015;40:381-92.



AN oleasli g 5l YD 6 ko 1) 055 ¢ b yg b ilalllag VY

SHEL

b obpely oped 58l o (Jase i olanmsi Loyl ()l Ol gl
Ol 5 Sl o859 o Sldlas (SoleS Sloyiie » ol slacél

10.22089/smj.2019.7600.1380 : Jlzss dulids A YY_FY (YOI ) ¥AA
-

/Shoja O, Farsi A. R, Towhidkhah F, Abdoli B. The Effect of Walking
Training with Visual Perturbation on Kinematic Parameters. Sport
Medicine Studies. Spring & Summer 2019; 11(25): 127-42. (In Persian).
DOI: 10.22089/smj.2019.7600.1380

\_




VY S8 puio 2l GBLEKEN b (38 50y (o 05 5T zglonds

The Effect of Walking Training with Visual Perturbation
on Kinematic Parameters

O. Shojal, A. R. Farsi?, F. Towhidkhah?, B. Abdoli*

1. PhD student of motor behaviour, Shahid Beheshti University

2. Associate professor of motor behaviour, Shahid Beheshti University
(Corresponding Author)

3. Professor of medical engineering, Amirkabir University of Technology

4. Associate professor of motor behaviour, Shahid Beheshti University

Received: 2019/06/24 Accepted: 2019/11/02

Abstract

Previous studies have been shown that visual information has a critical role for balance
and walking. The purpose of this study was to determine the effect of walking training
with visual perturbation on kinematic parameters. Ten healthy participants walked on the
treadmill once with eyes open and another time with eyes closed. Then, 9 trials of
walking training with visual perturbation were performed and finally, eyes closed
walking was repeated. The result showed that visual deprivation caused significantly
changes in step length, step width, stance and double-support duration. However, after
training, there was no significant difference of these parameters (except step width)
between eyes closed walking before and after training. Furthermore, the findings showed
that walking training with visual perturbation induced learning and enhanced the
kinematic parameters of walking.
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