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: THE STUDY OF CUEING DEVICE USING VISUAL 1AUDITORY AND
SOMATOSENSORY STIMULI' FOR IMPROVING GAIT IN PARKINSON
PATIENTS BY MOTION ANALYSIS MACHINE

02-434-6558 1081-565-0933

02-256-4433( ) 1081-488-8549
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(Cueing device)
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21

Laser
Stimulated Emission Radiation

(MONOCHROMATIC)

GaAs (
GaAsP  (

GaAs
GaAlAs
InGaAsP

(Voltage regulator)

Light Amplification by
) GaAlAs (
1 )
0.8 mm ( )
0.7mm( )
13 1.55mm( )
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2.2

155m

(Fiber optic)

130



131

3
(Buzzer)
(Piezo)
(oscillator )
Piezo buzzer
4,
(Motor)



(Microcontroller)

5 1
PIC 16F627A
PIC16F627A
,2-5.5V
0-20 MHz

In-Circuit Serial Programming

175 Kb 100,000 40
SRAM 224 byte
EEPROM 128 byte 100,000
40

(1I0) 16
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! PIC 16F627A

6. (Switch)

(Push Button Switch)
(ON)
(OFF)

(Close Circuit) (Open Circuit)
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MikroC

PIC 16F627A

Void main()
TRISB.F2=0;
TRISB.F3=0;
While(1)

{
If(PORTB.FO==1)
f(PORTB.F1==0)

{
PORTB.F2=1;

Delay_ms(300);
PORTB.F2=0;
Delay_ms(300);

}
If(PORTB.F1==1)
If(PORTB.F0==0)
{

PORTB.F3=1;
Delay_ms(300);
PORTB.F3=0;
Delay_ (300);

}
If(PORTB.FO==1)
If(PORTB.F1==1)

{

135

PicKit 2.0

RB2  Output;RB2 = "
RB3  Output;RB3 =

RBO :
RB1

RB2
RB2 300
RB2
RB2 300

; 300
: 300 ms

RB1 i
RBO ;

RB3 :

RB3 300 ms ; 300 ms
RB3 :

RB3 300 ms ; 300 ms

RBO :
RB1

THumif



PORTB.F2=1;
PORTB.F3=1;
Delay_ms(300);

PORTB.F2=0;
PORTB.F3=0;
Delay_ms(300);

RB2
RB3
RB2 RB3

ms
RB2
RB3
RB2 RB3
300 ms

300 ms

300 ms

136
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Abstract The dpurgose of this study s to examine the effect External cues can he defined as a_external
cuerng e tﬁ/ using Visual , auditory or temporal or spatial stimuli which facrlrtate the initiation
somatose sory. stimu durrn Wa mg In ParKinson’s and movement such as %ar[ ]_0 Th ere are man tyg

1Seas arents Parkinson’s |sease IS the Of extema| cUeS such a VISU& au |t0
neurog erPeratrve disor erst at results In characteristic somatosensor¥ cues. Visual cue , traditional] 5h , been

motor anormalities_including impairment of gait and
used series of strips placing on'the floor I transverse
ﬁgf{“(ta'twﬁtﬁgt'tg L “ng%?fgi”e'{‘e fovice cap, Improve line for the patients to walk over [Z]f[o] [11], However,
al rhythmi

uring walki Exten cal cueing is defme This_kind of visual cue i not userul for the patients
appl;%ng ter% t rttrc%’ or sp tral strmur outside their home. RecentIY laser quideg- \Rralkrng
associated with the initiatl on an orn acrratron of visual cue has been proposed. It has many kinds of lager
motor activity. Nine Parkinson’s sease patrents are quided-walking visual cue such as a parr of goggles

recrurted rr} nrs study, stride_ length , Step Iengh ang with light enfitting djode d(LED) [9]D a7ser Quided-

Velocity | atients are significantly increased an
Cadence 1S srgnﬁ‘rcantl decregsed n %II stimuli when walking cane, |aser-assisted device (LA

Despite of visual cue, Rhythmic auditory cue
agaggg L uvge' ort gﬁggts"mﬂn Jesuts from A such i musr% beats or tiopomed s arotier b that

ut
ords * Parkinson’s rsease Cuein Hevrce Visual |mprove Parkinson’s disease patients
AudrtoryandSomatosensory J gartLI] [f] [5][;7 1], .However, Both visual and
auditory cues. nave hrghIY effective in  Improving

|.INTRODUCTION Parkrnsons disease patients’ gait, they have some

Parkinson’s  disease s a  chronic limitations jn using outside environmerits such as n
neurodegenerative disorder of doparminergic, cells in noisy or bri h“)( areas. Therefore, researchers start (o
the basal ganglia. It results in characteristic motor study the effect of rhythmic somatosensory Cle on
abnormalrtres rncludrn impairment of gait and f()ostural Parkinson’s disease pafients’s %'t Many résearchers
instability. The typrca characterrstrcs of Par inson’s try to study different kinds of r ythmrc somatosensory
disease, patient are:(1).Bradykinesia or hypokinesia cte such “as an electrical stimulation, a rhythmic
(2) Rigidity . (3). Tremor 4Zpostura| instability. ~In vibration [12] or an insole with vibratory device [8].
addition, gait pattern of Parkinson’s disease patrent is The results from these studies show that somatosensory

also typical too, It consists of short shufflrn steps can also improve gait same as visual and auditory cues.

decredsedwalking speed, increased cad ente. ant Nowadays, not many researches stidy the
freezing of gait. Most of Parkinson’s disease ﬁatrents comparisionbetween visual , rhythmic auditory and
are eIderI){ 0 the abnormal gait can cause the risk of the rhythmic SOMElOSEnSOry Ces and flos researchesfocus
oatrents ife. So there are many researches studﬁh o studying the - comparison between visual and
0 |mFrove gait of Parkinson’s disease patients, The use rhythmic audrtory cues In addition, cues are from
of external Cues to im rove ait rn Parkinson’s disease ditferent sources such.as visual cue from strips on_the
patients  has been onfirmed from _clinical  trials floor orrytmrc auditory cue from metronomes. The
supports, pre-clinical studies , systemic reviews and propose of this study is to examine the effect of using
research articles [1]-[12] as an efficient assistance for visual, auditory and Somatosensory cues during walking

improving gait. in Parkinson’s patient by using cueing device.
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Fig. 1. Example of the cadence measured during walking with and without using cues in Parkinson’s disease patient.
This results were measured by using RS footscan.

_ This device s consisted of 3 cues; visual, rythmic
auditory and rhythmic  vibration  (somatosensory).
Results from this dfy will be useful” for parkinson’s
disease patients in the futare.

n. MATERIALS AND METHODS

Subjects

9 sut%ects (5 women and 4 men) with a mean
age of 66£11.2 Vears(range 46-79) °, height of
7£0.82 metres Srange A5-170) , weight of
56.1£1L7 kg (range 40 - "74) and a mean Stage 0TH& Y
2.110.9,£range 1-3) were recruited  this ™ dy from
the medical center. Ethic for this study was aEproved by
Instimtional Review Board '(1R82 of the Faculty of.
Medicine, Chulalongkom University. Subjects weré
screened by the following inclusion critertas: (1 EIge of
the subjects between 45-80 years; (2) stage of Hoehn
and Yahr between 13 (3) ability ‘to walk without
assistive. device or assistant; (4) currently taking
antiparkinsonian medication: (5) medical. stable; (6) no
vision. impairment; (7) no hearmgb_lmpalrment' 8) no
sensibility impairment and (8) ability to follow’ the
directions. All sub!)ects gave inform consents and signed
the consent forms Deforé the study.

Materials: Cueing devices

It consists of 3 parts; Visual , Auditory and
Somatosensory parts. All parts can work separately. A
laser with a Switch pro%ectlng the transverse liné by
using fiber optic is used Tor thé visual part. An auditory
part™ uses huzzer to generate the sound. For the
somatosensory part, motor is the source to create the
vibration. Both sound and vibration are generated a
thythm b us,mg% microcontroller. Both have separate
switch and a fix Trequency at 92 Hz (92 times/minute).

Protocol

Subd'ects were asked to walk on their own
normal speed. Collecting data was completed within 1
hour. Subjects were asked to perform 4 trials. Each trial

. was done 3 fimes. It had 5 minutes break
during every trials. 4 trials were performed by following

this order; _ _
1) Baseline: no using cue _
. (2).Visual cue: using light with transverse ling
durmgwalklna , , _ _

(3) h¥thmlc Auditory cue: using rhythmic
sound during walking . _

~(4)” Rhythmic  Somatosensory ~ cue: using
rhythmic vibratio during waIk_m(I]

For each trial” subjects walked along 7m
walkway. In the center of wal a* had RS footsCan to
collect gait parameters: gait velocity, stride Ien?th, step
Ienﬁ}\% and cadence. The'RS footscan is a 2m electronic
walkway which provides an automated data of temporal
and spatial parameters of gait.

Data analysis

All data were anal¥zed by using SPSS.
Demographic data of subjects including dge, sex
helﬁht weight,disease duration and stage of Hoehn and
Yahr werg descriptively  summarized. . Repeated
measures analysis of variance (ANOVA) using general
linear model Was used to examined the' withm-Subject
effects. Within-subject comparisons were used painaise
comparison with "least significance difference (LSD)
toadjust for multiple comparison, P-valug of 0.05 was
used to determine statistical significance. ~The
dependent variables for analysis ~were velocity,
ambulation time , average step length , average stride
length and cadence.

Il RESULTS
Effect ofcueing on gaitperformance

(ﬂﬂjl show?(d an .examﬁle .%f the cadence
measured during wal mq,wnh and without using cues
in Parkinson’s dfisease patient. Four dependent variables

were analyzed in this study: gait velocity , average step
length , average stride length and gait caclence.



Effect of cueing on gait velocity

_ The result showed the significant differences

for %alt velocity between using“cues and_baseline

FI%. ). All cues increased gait Velocity (p<0.02), but

ofh visual and auditory cues resulted i the greatér g{alt

velocity by approximately. 50% fp<0.01). However, the

gesult Wwas not shown significantly different between all
CUeS.

n |
Cue Condition

Fi?.z Gait velocity under four conditions
(baseline, visual, auditory and somatosensory).

Effect of cueing on average step length _
Repeated measures analysis of variance
showed the significant different betvieen all 3 cues and
no cues (Fig.3). All cues increased average step length
(p<0.02), but” auditory cue resulted in" the ‘greatest
average step length by approximately 33.06%(p<0.01).

Baseline Audtory Somatosensory

Cue Condition

Fig.3 Average stef length under four conditions
(baseline, visual Lauditory and somatosensory).

... However, the result was also not shown the
significant different between all cues when using
pairwise comparison.
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Effect of cueing on average strie length

The result of avera%e stride length was the
same as average step lengthT The Auditory cue also
resulted in the &reatest average stride Ienlgth by
approximately 30.66% (p<0.01). The result in all’3 cues
was not shown significantly different when using
pairwise comparlson(‘}FlgA).

7 _l-l-li
1111

visual

Cue Condition

Fig.4 Average stride length under four conditions
(baseline, visual, auditory and somatosensory).

Effect ofcueing on ambulation time

The result showed the significant differences
for ambulation time_between using no. cue Fbaselme)
and using cues (Fig.5). An ambulation time when using
all 3 cues was significantly decreased when comparing
with using no cue (p<0.05). Auditory cue resulted” the
greatest ecreased In ambulation time by approximately

2.53% F<0'02f)' However, the resglt "showed the
significantly different between auditory cue and
somatosensory cue (p<0.02).

Baseine visual Auotory Somatosensory
Cue Condition

Fig.5 Ambulation time under four conditions
(baseline , visual, auditory and somatosensory).



Effect of cueing on gait cadence

Two types of result were shown ?alt
cadence. First, 8 Parkinson’s disease patients with siow
walking and less cadence were significantly increased
cadence when using all 3 cues™ (p<0.05) (Fig.6).
However, The result in all 3 cugs was not sfiown
significantly different when using pairwise comparison.

120 00

100 00

8000

pasenne Visual

Cue Condition
Fig.6 Cadence under four conditions

(baseline , visual, auditory and somatosensory).

Second, 1 Parkinson’s disease patients with
great cadence were decreased cadence when using all 3
cues(Fig.7).

Baseline Visual Auditory Somatosensory
Cue Condition

Fig.7 Cadence under four conditions
(baseline Lvisual, auditory and somatosensory).

IV. DISCUSSION

. The aim of this study was to examine the effect
of using visual, auditory and somatosensory cues during
walking in Parkinson’s patient by using cueing devices’
The mam finding was that all 3 cues (visuaC auditory
and somatosensary) were effectively used to increase
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gait velocity avera?e step, length . average stride length
and qalt, cadence. Tn addition, all cues also decreased
ambulation time and gait cadence in case of Parkinson’s
disease patient havm(ﬁ short shufflln? 0ait. _

. Although all 3 cues could” improve gait
Parkinson’s diséase patients, audltor?/ cue was the most
effectiveness in all cues. The possible cause.is a loudly
sound of buzzer that stimulate patient’s walking. Patjerit
could hear the sound without usm? earphone. The
rhythmic of the sound was, set nearly 1o the cadence of
narmal people (92 times/minute). ‘In agreement with
other research Studies , auditory cue improved gait
velocity, average step length, avera?e stride length and
gait cadence[ ,[[4]- Slﬁ[l 1) It also decreased gait
Cadence of patiént who had short shuffling gait.

_ Despite of auditory cue, the result of using
visual cue also confirmed results from earlier researches
that visual cue improved gait velocity, average step
length and average stride léngth [2],& [11]. However
in this study visual cue also increased cadence , others
were not significantly increased In cadence. If might
cause by the different methods of the protocol. Most
researcties fiyed the line on the floor and asked the
patient stepping over it but in our study the cueing
device, was attached to the waist of the patient so the
light line was not fixed on the floor. It moved when
patient walked. _

. For the somatosensory cue, The rhythmic of
the vibration was set at the same rate as aucltory cue.
Somatosensory cue also improved gait of Parkinson’s
disease patieft but the result waS not good when
comparing with other 2 cues. It might be that the
patients ad to use their perception o recognize the
vibration. This Vp_erceptlon was opposite to visual and
auditory cues. Visual cue could use eyes and auditory
cue could use ears to recognize it but somatosensory
had to use the feeling to recognize it. It might be from
these  explanation "making ™ the result ~ of using
somatosensory cue was not good as the other 2 cues.

V. CONCLUSION

In  summary, visual , . auditory. and
somatosensory Ccues Can |mOPro_ve gait of Parkinson’s
disease patierits.Our cueln% evice with 3 optional cues
is very useful for the Parkison’s disease patients.
Patients can choose their own cue to practice at home.
However this stud¥ limits with few Parkinson’s disease
patients 1 the future study with more patients are
continuing and will be presénted in the future.
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