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| Abstract |

PURPOSE: The purpose of this study was to determine if
auditory cues velocity has a greater effect on the gait pattern
of patients with Parkinson’s disease (PD) than the cues
applied individually.

METHODS: The subjects were 15 elderly patients
diagnosed with PD, 15 healthy elderly persons. Patients were
measured of three conditions performed in random order:
slow, general, fast. The auditory cue velocity consisted of a
metronome beat +20% than the subject’s general gait speed.
Using a motion analysis and a force platform measurement
system, changes in spatiotemporal variables, kinetic and
kinematic variables were compared to gait analysis.
RESULTS: Comparison between the auditory cues
velocity, there was a significant difference in the spatiotemporal

variables with regard to the cadence, stride length, support

tCorresponding Author : jthan2001@hanmail.net

This is an Open Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

time, step length, double support time (p<.05). Comparison
between the auditory cues velocity, there was a significant
increase general and fast velocity gait than slow velocity gait
in the maximum flexion in swing phase of knee joint (p<.05).
There appears to be the aspect of an increasing ground reaction
force (GRF) on the first peak in the vertical axis (p<.05).

CONCLUSION: Auditory cues velocity improved of
spatio-temporal factors, kinematic and kinetic factors
depending on the velocity of the faster. Therefore at the
rehabilitation training of PD patients auditory cues velocity
would be used for recovery and gait reeducation, may arise

through the patients functional ability.
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Z3to|thHausdorff, 2007). I}71SHL 2219]0] 7
5 =2 (bradykinesia), &2 2] A|Zo] 2|5
Z-SHakinesia), @ H(tremor), I}C}Z-S(rigidity),
AFofl(impaired balance)Q} 72 2579l (movement
1mpalrments)_4 ZAFS 7RI tH(Dibble 5, 2004).
o714 e ojRiolA] ] oo
Q3 B O] Ao & HolA =t w1&E Ak
e e Bhe] 7Haot HL AL (shor siep)
UetH, 58 Sdolu T 57|17 & dojuA] &
7, 2k Fol $& Sof L4 eka A w
(shuffling gait pattern), ¥3F AZlo] o]z, R = 7j&
235l ef(acceleration gait pattern)”} LERATH Victor2}
Rooper, 2001). Z o] 2] Z2-S-7 gl(stride length)= w471
8 Sl 38 okl 114 £ koA
U o] Zgislo R Agaik metd m1e g
o] A4t %Q%HEH ST} At A2A 2 (step
length)©] Bhlo] w7 BAje] WAy o| Al
o] QlojA Fastrkar £ 4= ltiMorris, 2000).
aHIgge 1wl Aolol BAI0) B2y 2)50] 45
= Al - 30 A7 )5 E A A HE THGirotti 5,
1988; Nieuwboer 5, 2007). A% wjalo] 7|5
Al5E7] ¢Jaf & Al (external cue)S Z-&31A =W
TH1 Bkl A - B ATE Gustel &
A O] A&} AAdof pholstn, 53] Hjo 7P“
S- 37 EIthRubinstein 5, 2002). &4 A&
2 25 S5 (motor activity)2] AJZF H Z]<
o) St IR AR B B A Al
Ao g2 AHosF 4 QtHLim 5, 2005).
S fﬂ 5o thgt 23 EA2 19673 Martino] 2])
lthMartin, 1967). 11 o] F ¥ 71X
Wd 2718 99 ole) Aaw %
A EE o] g3t B o] fulof| digh A-Eo] gy
THLim 5, 2005; Nallegowda 5, 2004; Morris
000). 7 % Azt AlBl 71 B By B4
AZe] 2HHA dFE Fh ol YrHom
He Y54 A Yol gt 75 (inability)
efebi ekl Aol Sl sl ot Aol B -
Q1 tHThaut 5, 1996; McIntosh 5, 1997; Thaut %5, 2001;
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Howe 5, 2003).

A7F A5 = 2912 H|E(beats), | E Z5(metronomes),
254 Hi(clapping) 2} A2 A1 O = w1 SA}
o Ha 7 e ffet Aeko 2 ARg-Eo] SrH(Melntosh
%, 1997; Nanton, 1986; Quintyn®} Cross, 1986; Thaut
= 1996; Mclntosh 5, 1997). Bz} A5 the]o] 2
Qg EdEUAY BeHo Akl o] opet
47} NES AGNG Aoluk £H9l0] 4z} o]
W3} ti(Thaut %, 1996; Mclntosh 5, 1997; Miller %,
1996). whebA w1 $Ao] HEsu; A4S
(cadence)@} A2 22919 AL} AIZHA A 3ke]
A o] gakS o] Zi(Horak 5, 1996; del Olmo2}
Cuderio, 2005).

& eRtelA F2E Az Agof s
Suteerawattananon 5(2004)-2 m}71&H 3RLE59 4L
7, BPL(gait speed), FAFA oA F7HE Hol
31, 53] Zg%eh HASES] feldt 37HE Helth
%31, Jiang@} Norman (2006)2 37+ A5 9] AFE-S

1LY e A4y Bess, A3 52
AB7 A skol| JFE w)FITkaL shglct. oheFst 2t
2S5 A-G3F Aol A Howe 5(2003)2 w71 kAt
o] K3y Qg Hhog Pz A9 éE—t— Ev]
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I i
97 oy
£ AT BYGA DASPEY 1G] A St
SRIE o Ae SR B ATl vz 3t
3 k210 B4 159} By ool o] glow,
A7EHA AT 719o] gl Athel AEe o

brain bank YA}7|FO= {7%_]- OJAte] 23]
TSRS A2 AL Hoehn & Yahr 229 1.5~2.5
SA e A, 2y EZ&E—‘,L 3101 BEA}A] Eoﬂo]

AT IAZAA AFEAE dEF7] HEiA o
TFERZEY] AE Bl & AFE AEh e
AFHSAES AP AsaiA =S BYPAS
gto] At re L B {Egt & A} uﬂzi—:;%
ol-g3sto] =3l 3w Lol
A7F A5 2 st s ATt HzE Als B3
s AW A5 st ERE SE(R|ED)
& At AAAd B Srol AAAY Hesn
9] £20% £EE FAISHHA HPRE s s1¢lct
(Chung¥} Wang, 2010).

ATEEs FZh Als £ro] SAE LR
o, Z4219) A% B Apolofl= R FA=
At HPHAR= viAE FARE AEilAl m
103] o4 Wk K & 7P X
33 Adejste] EA4S Algstth

3. 58

1 B9 37 NS Sue] BE By A
e 242 93 494 APl oz T4
Hawk Digital System (60Hz, Motion Analysis, 7]=7)<
A3, EYE H|oJEE2 EVaRT 5.0 £:3ZE 0]

Cortex 642} OrthoTrak 6.6.4

= HSH Hajz o] Fobtol 2719
3 Z(force plate)S A %] 3} L tHBP600400, AMTI Co.,
al=g). Hal Al 2] 2t 2 wbdrE o] i3t vofE
£ HsrEol ARsH, o] Az = 7hvetet Fx2A17]
L Ultranet A|AES E35to] 1 AlSE Motion
Analysis®] Cortex 64 AL E Qo] & F3lo] Ho|HE
oA ok

SpAEe] GHHSl S4S ) fisi Flot B
18 24813 Yul2471E olgelel wel Yu|g
Astelch Aol Bash WA oas
Z a3t 1.25m WANAS ARE-SH o1, £-55)
A 2 299] Helen-Hayes maker set-2 whe} K ajo]
T 2 9l celaa o] Baelel 24elgch oA
A1 25 SlorIRmAbASIS), 245 it
AI(PSIS) &) 172 A1, G2, 29~ rhe] w(midthigh),
zo e plz HJJ- 4-§7](lateral femoral epicondyle),
9 52 <k 9BEE
A7F0](midshank), Z-¢- HFZ-E-AM(lateral malleolus),
$- k= Al (medial malleohs), -3 17 5] 2]
™ 2](2nd metatarsal head) 2 2} F 25X W (posterior
5 20709 TS st

i
mﬂ 2y
o fr =2 le

1o

8-7](medial femoral epicondyle), &}

B o

calcaneus) 2 &

4, A Az

A3 3 ey 2o &l PASW 18.0 for window
£ olgalo] B St A7 s o 1
£ sy dbil dhaitol @504 - opelit
wa BAS s wasEe] te $EY - &5
o 50152 Yolsir] S oA LIS
(two-way ANOVA)E 88192 m ) HlE of

golo] W&o T2 Afo|S wTalw, 7t W
SE 1F 2k Ao] v wE 9ste] HYEL
(independent t-test)= A3} A8 49
HZE317] Yot o4 (a)S 052 AASHA
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I, 97 Zm 2. H7 M5 250 G2 258N 24
1. 7 ARt Ushy Sy DA EE By He B
AT e Quka AR BAS 13 2o 47k A% dmo] upE Bao] A - B7HA] W
(Table 1). s ok 23}, 2 AlS Sieof wep de, 24
w718, B, e, Fr] AAARE B
Table 1. General characteristics of the subjects A £-2J3t ApolE K 0w (p<.05), L5 7 Hlnlof A=
(Mean:SD) 2787, A7, BRI §oI5 ol 2
Parkinson group Control group ﬁi}(p<.05)(Table 2).
Age (yrs) 65.67+6.76 69.204+4.23
Height (cm) 159.07+8.44 156.87+5.42
Body weight (kg) 56.67+7.81 56.40+6.39
Sex (F/M) 9/6 10/5
Months since diagnosis ~ 71.20+£42.90

Table 2. Comparison of spatio-temporal parameters depending on different auditory cues between Parkinson and control

group
. Auditory cue
Slow General Fast Audltor}f cue Group velocity x
velocity Group
M=SD M=SD MSD F p F p F  p
p 8648+9.13  102.81£5.13  120.56+5.80
Cadence C  8696:6.63 10447+4.19 11776521 204287 % 00° 03 87 104 36
(step/min)
t p -16 87 -97 34 139 .17
. P 90.18:1551 9936£1632  105.05:20.26
Smd(ecnlle)”gth C  10449£7.06 10943943  11230£7.16  5337+%  01* 1354 .00° .51 .60
t p 325 01 207 03 -131 20
P 45694830  50.4748.00  53.12+10.39
Ste}zcg“gth C 52184371 5520£445 56124379  5267% 01" 1051 .00° 47 .62
t p 277 01 200 06 -105 .30
Walking P 6570:1228 85.63:1445  106.79+21.80
speed C 7613721 9602956  110.93:6.70 63387 %  00° 9.14 .00° .58 .56
(em/sec) ¢ 284 01" 232 03 -70 49
Double p 14174262 1223164  11.60+2.04
support C 1273+1.56 1163170 11.93+1.54  933*"%f  00° 365 .06 .93 .40
time(%ocycle) ¢, 183 08 98 34 30 77

* p<.05

# significant difference between slow and general condition (p<.05)
¥ significant difference between general and fast condition (p<.05)
¥ significant difference between slow and fast condition (p<.05)

P: Parkinson group, C: control group
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2) Aol Ao SEHe A o W WA 2710%7), S2IE), AEET]
ARRAOIA Pl FE Be B AT o4 AR o5 Aol2 B ATip<0s). U
Srmof T2 Wslolq o5t Aol E Hold| okon el MEFT dueERle ¥ AT S uf
(>05), Tgol e wslol e FATEI), AESY] 2 wislel A o8 HolF Ho|X] kgron](p>.05)
o N EASAOR SOt Aol S HeATkp<05). HE L b WAL 271057, FHEET| A

WA T B A4 AS Swol B wslelx  BALHOR §o5 Aol EATH<.05)Table 3)

SAEE7] E FofRt AolE B om(p<05), 1&

ot

Table 3. Comparison of kinematic parameters of lower extremity depending on the different velocity of auditory cues
between Parkinson and control group (unit : °)

Audit
Auditory cue uditory cue

Slow General Fast velocity Group :eg)rcollt;};)

M+SD M=SD M+SD F p F P F p
P 28.70+7.48 30.17+7.19 31.13+6.91

HI C 30.934+6.36 31.25+6.20 314+5745.98 .38 .68 .76 .39 13 .88
t P -.86 .39 -44 .66 -.18 .85
P -4.64+12.87 -4.77£13.33 -6.74+13.49

H2 C -9.46+7.41 -10.83+£7.30 -11.77+£6.69 33 72 5.54 02" .03 97
t P 1.25 22 1.54 13 1.29 21
P 1.04+12.99 -.39+14.55 -1.70+14.12

H3 C -5.13+7.59 -6.38+7.45 -8.61+7.56 57 57 7.19 ot .01 .99
t P 1.57 13 1.41 17 1.66 1
P 31.26+8.05 33.61£7.57 34.53+£7.26

H4 C 32.3445.04 32.89+5.25 33.41£5.02 .85 43 .03 .85 24 79
t P -43 .67 31 76 48 .63
P 14.20+6.55 14.11+5.31 15.26+£5.90

K1 C 10.90+£5.16 11.49+5.06 11.17+4.75 11 .90 8.18 orr 13 .87
t P 1.50 .14 1.38 18 2.05 .05
P 17.63£8.65 18.70+£8.65 17.16£9.65

K2 C 13.454+5.48 13.25+5.85 13.26+5.48 .08 93 8.04 ot .09 91
t P 1.54 13 2.02 .05 1.33 .19
P 41.3449.34 40.51+11.45 42.56+10.36

K3 C 36.46+6.67 36.73+6.42 34.5946.50 .01 .99 8.99 .00 46 .63
t p LIl .12 161 28 246 .02
P 64.69+5.33 68.97+4.34 70.08+3.71

K4 C 67.03+3.59 64.23+4.06 68.20+3.33 10.27# .00 2.67 11 .30 74

t p .26 .79 1.33 .19 1.44 .16
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P 3.08+3.88 2.79+3.68 4.39+4.64
Al C 5.45+3.98 5.88+3.42 6.51+3.72 .84 44 9.20 .00" 12 .88
t p -162 12 -2.38 24 -1.35 .19
P 20.11+5.39 19.71+5.16 18.36+5.55
A2 C 21.45+4.70 20.80+4.34 20.23+5.30 .63 53 1.75 .19 .04 .96
t p =71 48 -.63 .54 -93 .36
P 5.99+7.24 6.47+£5.91 3.09+7.91
A3 C 3.81+6.86 2.52+5.23 3.98+6.98 31 73 1.48 23 .97 38
t p .83 41 1.94 .06 -32 75
P 5.99+7.24 6.47+£5.91 3.09+7.91
A4 C 13.39+5.58 12.35+5.12 12.20+5.00 34 71 8.38 01" .01 .99
t p -1.73 .10 -1.61 12 -1.69 .10
* p<.05

# significant difference between slow and general condition (p<.05)

T significant difference between general and fast condition (p<.05)

¥ significant difference between slow and fast condition (p<.05)

H1: Flexion at initial contact, H2: Maximum extension in stance phase, H3: Flexion at preswing, H4: Maximum flexion in
swing phase, Kl: Flexion at initial contact, K2: Maximum extension in stance phase, K3: Flexion at preswing, K4:
Maximum flexion in swing phase, Al: Flexion at initial contact, A2: Maximum dorsiflexion in stance phase, A3: Flexion
at preswing, A4: Maximum dorsiflexion in swing phase

3. 8% N5 S50 B2 2Eay 24 ge 3 g

A= ARANA frolgt AolE HER L
(p<.05), L& 7} vlmo A= A Wix A = um]

D SAAA AW une 24 AN BATHOE o3t Mol 2 hehyeict
32} A5 w0 B W Al AN AW B (p<.05)(Table 4)

Table 4. Comparison of ground reaction force depending on different auditory cues between Parkinson and control
group (unit : %BW)

. udi
Auditory cue uditory cue

Slow General Fast . Group velocity
velocity % Group
MSD MSD M=SD F p F p F p
p 100.463.82  104.93+8.11  115.23+9.83
First peak  C 98.8044.04 10347585 108.13£6.92 22.72%% 00" 595 .02° 153 22
t p 136 .19 57 58 218 .03
p 97.57+4.73  100.27+5.12  100.85+7.28
S;ZZEd 102.3344.64  102.67+4.08  103.33£4.98 129 28 835 01" 48 .62
t p 273 01" -142 .17 -1.04 30
* p<.05

# significant difference between slow and general condition (p<.05)
¥ significant difference between general and fast condition (p<.05)
¥ significant difference between slow and fast condition (p<.05)
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of § WMo 7H5A1717] Sl Fehtg7]1ek tE 7]
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