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Biomechanical Analysis of the Elderly Gait with a Walking Assistive Device
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ABSTRACT

S. H. YOON, Biomechanical Analysis of the Elderly Gait with Walking Assistive Devices. Korean Journal
of Sport Biomechanics, Vol. 17, No. 2, pp. 1-9, 2007. Walking is not only an essential component of the human
mobility, but also is a good exercise. Inability to walk freely can reduce an individual's quality of life and
independence substantially. Being a relatively low impact activity, walking is particularly good for the elderly
and research has shown that regular walking in the elderly reduces the chance of fall-related injuries and mental
diseases as well. In spite of the documented benefits of regular walking, it is still difficult to walk without the
aid of assistive devices for the frail elderly who have lower extremity problems. Assistive walking devices
(AWD), such as crutches, canes, hiking-poles, T-Poles and walkers, are often prescribed to the elderly to make
their walking be safe and efficient. Many researchers have demonstrated the effects of AWDs such as reducing
lower extremity loading, improved dynamic/gait stability, yet, no study has been done for gait pattern when the
elderly gait with AWDs. Therefore, the purpose of this study was to examine whether T-Poles, one of the
AWDs, change the elderly gait pattern. Eight community-dwelling female elderly participated in this study.
Laboratory kinematics during walking with T-Poles(PW) and with out T-Poles(NPW) was assessed. PW showed
significant increase in step width, stride length, gait velocity and decrease in swing time. No significances were
found in lower body joint angles but meaningful trend and pattern were found. Maybe the reason was due to
the participants. Our participants were healthy enough so that the effect of T-Poles was minimum. PW also
showed typical gait phases which are no single support phase during a gait cycle. It indicates that walking with
T-Poles may guarantee safe and confident walking to the frail elderly.
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2. Telescope-style walking poles(T-poles)

B Ae] AREH T-poles(FX 190, Dutchman Co,,
Norwalk, CT)= & 9] &fol7t 2 d7vlgAz
of wIEH wRlEe] Adue Fekny AR g
] upper poles, 123l A=go] ofj&d] upper
polesS AAT + U= A g AL 277 T
Aeolltad 1> o 7 By Hx V9%
T-polesE deg off= tifEd] 7€ RYPRZI|T
5ol TEHOE AU e AR o] Addl
HEA BAEE oABde] F(load) s £Y + 3
T 559 gaRkler wEo] A7] Witk 5, i
9 By HE7|FES AUS HE3 v 017711*"‘4
o7 FAYS Faf Axlsibrhed, ol olzfel Wi
T AYle Ede A AEF
(suprascapular neuropathy)E -¥AIZITkL Ha1¥ %]
Uh(Shabas & Scheiber, 1986). 12t A2 Tx}919]
574 wEo] T-polese AWl HEA] ool thsod
s A gk ofgk o] RUE ks A ot
of o] FES EolEh

B Ao AL8H Tpole

ul-zcﬂ xﬂx]— QOJI;],

12! 1. Telescope-style Walking Poles

=Ql9] BYRzr| T A BaA] Hasjee] HaladT 3

H
-
|
A
1z

>
[nn}

1
Ef’;f‘ Horita SR-50 6t gn
&% A5l Visol VSAD -usbl01  1tf s
o KWON3D XP4.1
Eo =
°mn ;E} Motion Analysis 1 Sy
s Suite
3 A=

4. 43 A3 9 AsA

Z4 23 F

7 @izt A7) e F 7
z49 Bye %ﬁﬂé‘} 2 7HHT-poles ¥.5
(PW), YHHEFHNPW)). EE B3PS DgAe] A
HYEEE FASIES 2750, BEze hd

]O
THITo

AR FA Gtk 7 2A904 A el BT E
Polge ssiglon o2 Hitse ArA o
3k

Kwon3D  XP(version 4.0) Motion Analysis
Suite(Visol, INC,, Seoul, Korea)E ©]&<t 32k %4/
w40l stfe] FHEts 7ML 3 ¥ Atksampling
frequency 60Hz). 7H|2te] E9& 5+ 30 frames/sec,
=% AIZRS 1/500 sec®E ZA3ISITh U AHe] BA
S 7F 73A) 24 (rigid-link human body model)©]
£ 7] ARSESATE 3170¢) ¥R} mEA(Bmm H78) 7}
#d FAF A ‘:'@_(Zﬂ-"r , ok, iE, &%)
Asl7) QJete] 7+ 13Ate anatormcal landmarkol]
oAtk & 2% Aol A9 static trialo] &=

AoH, oA £ A Pl Azl EAA] 7]
ZAREA AREAH.

A Lolzl HITIQ F¢(video clip) $of H|
olf FAolu vi7l EYHES S F AHHd A

ARE A

rL



'
Ho
1%
P

%2 E2(quantitative analysis)S $13}o] EE 7}
w2h= DLT(direct linear transformatio)dH-S& 53}
Az|H o] =3k

EE ALt #QIES 2414 Butterworth A9 %
7 ZHE ARESt(RIE T3 6Hz) BHEH HIUL
m, o]& A, & 2% ¥HE3S| phase lags AATH &
Aol ZEY] %S Al FEoE PIAFL

2 dFellN A=E 24 Aus #EAe 93
7l(global reference frame)oll tgh ZHEAe] A9t
Al(local reference frame)ol] 93}l 2F=% orientational
anglesZ 58 AL ATk

Hoore] B 7k Q Exbo] z|Ho FR|ehe &
ZHRE(RHTL) 2 o] 7 WA ZA8w)(RHT2)7HA] 9
&t BejFr|= AAsigin)

29 ARl e B TEle] zfolE Fopry]
A5te] paired ttest7} AFEEHAN O, FFFELS 005
2 A5k

m 23 9 =9

1 BE, B} HYSE el

it

£ dFellA BES HA] o] AHe] A Hof
= gEjelA] kel HEA| Alole] AEARE 9w
ap, B7R T uF dAtole] Hg AYE Yusith
g QW] Ao R Fof| o]Fsle] THA

& 379 AAAYE gttt <3 2>
UERE 1o} o] PWE NPW3 Hlwate] Tk g
Btk PWellA Bl Z7he BEZ3} ®7H17%)
B3 Fo] =959 7AUS HA FoZA K
OPgAS EojFo] B HaF] Uik 9
AEAZIE 7198 o Z AlsHEE £ Aol
Fg NPW PWO] &5 9 HIEE a9l 7ho
AR Foldt 2fo|7} U WA ol2iet
= Willsion et al(2001)9] 37+ Ao} Y5}k,
t 150] Hagh "BAME Heo] A RS &
Al W2 £EE A F O QS 1)

R
R
2,
ol

E

-

tjo

I to 1o rlo ¢

o b o o
rok

_V,_](

H 2 T-poles ARZ0l ME 22, H7} 5! HASE HolS

wel NPW PW
HEZ(em) 64924572 65.11+7.44
H7Hem) 8.66+1.40% 10.22+2.08
FH(m) 1.39£0.12* 143+0.14
HPET(m/s) 1.31:0.18* 137+0.23
A A A|ZHs) 0.62+0.08 0.65£0.11
AFAIZKs) 044003 041+0.03

*= EARO] WE FAHCE frofd Aok &S e

S B © e REe A9 @ 4 Sdnk
T B 999 ZF= Ostrosky, VanSwearingen,
Burdett 9} Gee(1994)7} Hiigh "d&o] I7184E &
o EEAY =gl RIYP&ETE HI'= ZAve}
hitel Aog, wwsle] TAHER Foje ERAY B
P&EET} T-poless o&3H02A F7} HAUte A
EEA: 31%; RAYEE: 46%), T-poles7t =91 K3}
| 7Ash eHgS & AoE Algdd 53] H&w
o] Z7h= & AFAI] oJgt o= Hom, o=
E°| T-polesE AME- A, F8Ho= ozl 714
HiE o2 o] A9S wWEA sfa YFoF A}

o

LT = N (=)
o,

dn o
Kl

2 &9 w3, 5 = (Lateral Sway), 5 &5
# & (Lateral Sway Velocity)

B dFelA Fo] w3l eEdo] AW s
o &9 A% 28X Center of Pressure(COP)
o FHAYRE A9 sglen, 5o w¥gho] Hopds
5 APA9 FAZE oSS ERIth B 2¢
TS AA7] Bt QOpe

2 $mE 39l Sk B9l TYL PW NPWAlo]
o BAROE FoIB Al ek QYTHNPW
264528lcm; PW: 25794312cm). ©l&= £ Aol
AP A7 WA oI5E 2 5 gk A
sed, & A7) Feld AT thEe ANEY



AFe Hlste] vl A% AAZDS FrAlskL o]
T-poles] o5l B Fo =2 w3ghell A 9%
£ VAR Rk Y AR Btk BT A

71 #g- E5"el| Slojx= PWo] NPWell HIste
7.98%°] X#% HAS HASH(NPW:3.06mm
PW2.82mm), ©] 77+ 59| B5% FFEE 94 PW
°] 14.83% ﬁc’ HES B ATHNPW:76.60mm/sec :
PW:63.54mm;/ sec).

3. #49 4w

YA g BaF7)(one gait cyde) st 3}
A WAz Wt <3y 2>, <Y 3>, <Id 4> 9
uUeht Stk ZF Bz ofx] Bl AAd A 9%
37)(Local Reference Frame)] XYZ 3)HOZHE A
3% Orientational Angles2 “g¢] =it} 2+ &4 1
oA ul $1Ze] T A (Sagital plane)ol] T
wdel wgks yehiin, $3F 138 ¥/dH(Frontal
Plane)ell w3t w2 28 FHH(Transverse
Plane)ell gt #do] ¥isls vepdck 2 AlA
HyF7le 8% Swavh Add 2v <HH
(RHT1) o] tiA] Add] 2= FIHRH)7ZHAIE
Aol HAtk & BE 299 F¥AERA 0 RHIL
< YERH 1002 RHI2E YERATE QEWe] o]A]

© wA RTOZ EAEer NPW2 PW &5
AARPF7Y] %] EelA degt
(NPW:61.28%, PW6131%).

1) 22 BI7T W

£ AFollA PWa NPWALo| ] iHE #izke 57
2l zfolE HolA| oGt 3> PW# NPW E+F
Q8] o]x] o] Hj AS=+(Plantar flexion) %k
< EITUINPW: 8666518 ; PW: 89.07+4.44
degrees, 1¥2) oA 244 ¥} 0]7|F(2004)0] EHil
Sk e} SREA|7} o] A8k AH] Hjo W= A
BEs BAd A Aol AR o]y 259 AT
7b EYEY A4 o]Folxl s 1T uf K3
ZA0) W2 zpo|2 AlRHETE T3 NPWo] PWol| v
] o & ASEFS Hied, ole PWS &9}

rlo

2019 RRZI)T ALE BaA] Hasjdo] WaldT 5

I 3 T-poles AR20]| 2 51X 2HE2H (T + BEXH 7‘})
ke

1o NPW PW
RHT1 Hdj RHT1 FHd)

g =

5 o 98.161440 86.6615.18 99.29+237 89.07+4.44
NS

5=

o 4794468 6207539 6721659  60.92+3.30
=3

!

o 26.0245.04 2879449 2678 556 30.1614.42

°of =
HEo] Zd| M= F3Ee A7) wiFo] NPWo
vl 22 AS@Fe oet R8s /IR o
2 Eo FH8s AT 5 dva HojA) 3l
NPWL PWe] H]3}e] ﬂxﬂ BTN Aoz

Z 9%(Abduction)S E ol T-Poles7} H3F
Hzre] HgS = { ﬂ o] ojgs Hop
F2 Gtk At S 2209 o $o W
< LES A&Hor FYH WFOR AT 4

Lyl NPW% %W 94Z4§{NPW~
-19degrees ; PW: 9 degrees) THWFOE 3|Hds=
S HAHTH2 F2H).

&S Hole

2) #& #A4x Wl

B Aol ®aFr) Fek PWIk NPW A9 #
Akt Fejo] FEFEZY] Wels HYTHIY3). PW
A FEFTL 09023307 & BHF719] oF 72%A
Holl A Uepgith Q.29 o]z Fofl PWx} NPW Ale]
of F5H9 zolg HAEH, 1 Aot AAE &
SATHF 3 degrees). o= ofrfe H#AL By 54
o2 AFREEH ofs F%F Aelr aslE v
st A} shAlch

3) 1#EZ4= W3}

£ AFolx PW2E NPWALe]9] 11 Ztke] wis)

AR fFofgk Ao|7} WHEA] Fokort, Al

o gk WA Wsk= A9 AR e B

, WAz sl thaj= PWo] NPWel| ]}
749 lateral rotationS HJTE o]+ T-Poles?)

wjfolgk HoleH|, T-PolesE -SHl2A AMg3}

2

l

rE rlr

R O>'

}

(5
4

Jm 2
ox, o



R
of)

/

it G @D

0

o)

m 8
Lo e 1500

g__gg

oy
1Y

o

uig Wt

Gt S

L 0

g H
oisua}

el

Wl

W] e

=
=
PW

23

,, |
:, | \
\\ ‘A \m
| P
Fo
|18
\
N
0
8
3
3
-4
\x \\ |m
P
) \
\\ ‘
(1]
.
// / Iﬂ
qumlﬂlmlnlm T+ T ,5 b
Uraped /ot g_ggs QY oneioy Jise  ipay



7] SlEidE £5 UY etk 13 SHAA BES
Folof 3ty & Afolre FHEY Aotk HYS W
SAHCEE Aolg HolA keEdl FAEo|
T-Poles®] AFEHE SufaA WSk & FES

sl A FAH SRR Aoz} glogjetal AR E:

4. T-poles H3)=H

T-polesE ©]-83 Hajo] Slojx Uehd 4 e
U S ol8skA gks Wt vi¢ vant 7H
2 Aole AR AA o] fld= Aot ol
=159 QPR Bas 3Rt Qo] mig- T892
2Pl & i =®E uE sATHY| ke
HYPF AA|A) ol q o] STl vl FHoF

o
oflt

st JelE Ho|M T-polesE AMESH H3jo] o]dd %Ok
e AT OZA QIEAA Hallo] o]
TIPS B o]Fo] ¥ 4 gt ’\}E%‘:P.
£ AFeA g7l gk BHaF7|(RHTL - RHI2)
A T-PolesE ]85t HajFo Uehd SHET A
< <ad 5ol & Jeh itk &, A 2EW] A
o A= & HRHTI A= AHo| Z|A|8kaL §lof
3, TR0 2 % Zo] A

o)A &7HLTON)

rEL rulﬂ =2

=919] BYPRZITF A B Bsjde] Wlay 7

e BA 79 1 AZ
o, Fe AW AR FHeEd, A 9F)
THA] AR A= (9,
o] Aol HFdh= TAHRPT)H
e A AR AR TH(eE,
£ 348 1 $E5H
Ae FH AR FH (9
o] Yk =9l BPofa % T Ae &

34%-36%, W3 T $55, 2001)E T-Poless AF%P
HPoXe AASEEZA =EA B} kg B
P BT F glukal Al

i

o
r
i
o
o
XN
rE ok
w
o
o>
&

£ a9

g Agsnz A w5
BYe Yoz, ol HEes
Wgow s FoaTEe

ol 4T B

T-Poles&

37 Siskel 54l oy
ALg3 BAPW)T AL

64.06

b2 21

57.25

0.88

] 10 20 30 40

50

60 70 =1l a0 100

Gait Cycle (%)

[ ET ——FE ——FF == =Z

2! 5 T-Poles 23o| Hali=2H



oo
o
1%
P

»6—}_ Z] 0_1-_9‘

FAAZT, ol FA
AR BESHSI0

A
04 palred ttests AL o|2fgt ?ﬂ‘? 7;3"’ =
e vt 2

AR, HFAEL T-polesE Aol we} 5AHL
2 37 B R 1 E—i—_‘,:_ 1?43’_ ZolE Al
& YEhSlom, BAXCEE fFoetA] 9
g S7HE e Y] HES AAAZRS Bl
A, T-poles AHE7-o W shA|EZ o] B3}
HolA] FAAEE PWo] £t Rajzte] ®ajehg g
Eo|H JPPeFo g FHY ogs worle =Y
o] HYth B A¥ Mo PWolr9] six#Ae] s}
£ A ST, A5 AHE Dod & I3l
ok 7 & olfre B A7l Fes Frse] 1%
o] whe FEFelA 2s F Tk B Bz
== "]iﬂ’g Aol ‘%’% =RleA 2 &3t

FAIZ

tlo rr

Zo) g e o 1 et 11 159
RPFPEE nHto] FEAE d7ske Zo| Fasith

1 AkEEofFITh

AR, vk 283} 27 T-polesE AHESH B3
B3 F7] Fo 253 RPUS FAsIGH HA
B3 F7] Foll & W AR} glo] 7 WA= Al
W AAZE A, dut B Hls) gl 71AH
S| ofgh QrHgH Has oA Sk

1

kil

e

_III

4] ‘_/,_:’ OZ (2001) Egﬂo]u ;H‘G I/J-L:] 1—0]_4 Eﬁﬂ
A, FFLF YA, 1), 59-75.
SAY, o]7132004). =19 EYET HPA] £

£ 13 gjelo] ws} a1 FFA KA,
43(5), 397-404.
Aminzadeh, F., & Edwards, N.(1998). Exploring seniors’

views on the use of assistive devices in fall
prevention. Public Health Nursing, 15, 297-304.

Andrews, J.D.(2005). A walk a day keeps cancer away.
Prevention, 57-36.

Blount, W.P.(1956). Don’t Throw Away the Cane. Journal
of Bone and Joint Surgery-American Volume, 38,
695-711.

Brunelle, E., & Miller, M.(1998). The effects of walking
poles on ground reaction forces. Research
Quarterly Exercise and Sport, 69, A30.

Chad, KE., Reeder, BA., Harrison, EL., Ashworth, N.L.,
Sheppard, SM, Schultz, SI., Bruner, B.G,
Fisher, KL, & Lawson, J.A.(2005). Profile of
physical activity levels in community-dwelling
older adults. Medicine and science in sports and
exercise, 37, 1774-1784.

Chen, C.L., Chen, H.C,, Wong, MK,, Tang, F.T., & Chen,
R.S.(2001). Temporal stride and force analysis of
cane-assisted gait in people with hemiplegic
stroke. Archives Of Physical Medicine And
Rehabilitation, 82, 43-48.

Dean, E, & Ross, 1.(1993). Relationships among Cane
Fitting, Function, and Falls. Physical Therapy,
73, 494-504.

Hopkins, T.J.(2004). Walking protects elderly people from
dementia, studies show. British Medical Journal,
329, 761.

Kwon, Y., Silver, T., Ryu, J., Yoon, S., Newton, R, &
Shim, J.(2006). Effect of walking poles on
dynamic gait stability. 30th American Society of
Biomechanics Annual Meeting, 274.

Li, S., Armstrong, C.W., & Cipriani, D.(2001). Three-point
gait crutch walking:
reaction force during weight bearing. Archives Of
Physical Medicine And Rehabilitation, 82, 86-92.

Manini, TM,, Druger, M. & Ploutz-Snyder, L(2005).
Misconceptions about strength exercise among
older adults. Journal of Aging & Physical
Activity, 13, 422.

variability in ground



Massey, B.F.(2005). Walking for exercise. Magazine of
Physical Therapy, 13, 10.

McDevitt, J., Wilbur, J. Kogan, J., & Briller, J.(2005). A
walking program for outpatients in psychiatric
rehabilitation: Pilot Study. Biological Research
for Nursing, 7, 87-97.

Murray, MP,, Seireg, AH, & Scholz, RC.(1969) A
Survey of Time Magnitude and Orientation of
Forces Applied to Walking Sticks by Disabled
Men. American Journal of Physical Medicine,
48, 1-7.

Ostrosky, KM,, VanSwearingen, JM.,, Burdett, RG.,, &
Gee, Z(1994). A comparison of gait
characteristics in young and old subjects.
Physical Therapy, 74, 637.

Rosenberg, 1..H.(2005). Walking: take the right steps to
better health. Tufts University Health & Nutrition
Letter, 23, 4-5.

Schwameder, H., Roithner, R., Miller, E., Niessen, W., &
Raschner, C.(1999). Knee joint forces during
downhill walking with hiking poles. Journal of
sports sciences, 17, 969-978.

Shabas, D. & Scheiber, M.(1986). Suprascapular
neuropathy related to the use of crutches.
American Journal Of Physical Medicine, 65,
298-300.

Shim, J.2002). Kinetic analysis of pole-wnlking in elderly
subjects : variability in ground reaction force during
weight bearing. Unpublished Master’s Thesis, Ball
State University.

Upton, J.(2005) Walk yourself well: EN’s Step-By-Step
Guide To Good Health. Environmental Nutrition,
28, 1-6.

Willson, J., Torry, MR., Decker, M.J., Kemozek, T., &
Steadman, J.R.(2001). Effects of walking poles
on lower extremity gait mechanics. Medicine and
science in sports and exercise, 33, 142-147.

Youdas, J.W., Kotajarvi, BJ., Padgett, DJ., & Kaufman,
KR.(2005). Partial weight-bearing gait using

=019 RRZI)T ALE BaA] Hasjee] WaldT 9

conventional assistive devices. Archives Of
Physical Medicine And  Rehabilitation, 86,
394-398.

F o9 48 17¢
A A 9 59 149
AAtgEd - 549 319





