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CHAPTER |

INTRODUCTION

Background and Rationales

Parkinson’s disease (PD) is one of the most common neurodegenerative
disease, with a prevalence of 1% of people over 60 years of age. The risk of developing
PD increases with age. Ten percent of patients become symptomatic before the age of

40, 30% before 50, and 40% between 50 and 60 years (Reuter and Engelhardt, 2003).

PD is a slowly progressive disease of later life. It results from degeneration
of dopaminergic cells in the substantia nigra, a region in the basal ganglia. Progressive
loss of dopaminergic cells is associated with normal aging but seems to be accelerated
in patients with PD. The reason for the degeneration of dopaminergic cells is still
unknown. The function of the basal ganglia is involved the movement control, motor
learning, planning and motivation. The primary clinical features of PD are motor
symptoms such as bradykinesia, rigidity, postural instability and tremor (Reuter and

Engelhardt, 2003).

In the early stages, many of the symptoms of PD can be controlled by
medication, levodopa and other forms of anti-Parkinson medication can be very effective
for treating hypokinesia, tremor and rigidity. When coupled with: interventions promoting
physical activity and continued participation in societal roles, the person with newly
diagnosed PD can experience very little disturbance to movement and function (Morris

etal., 2000, 2005).

In the later stages of disease progression, postural instability compounds the
stiffness, slowness and falls are common. Parkinsonian medications typically have little
impact on postural instability and physiotherapists play a major role in teaching the
person how to prevent loss of balance and falls at this stage (Morris et al., 2005).

Although pharmacological interventions can slow the progression of this disease,



medications tend to become ineffective over a period of time, and appropriate physical
therapy intervention may be necessary throughout the stages of this disease (Cutson et

al., 1995).

Gait disturbances are among the primary symptoms of PD, gait pattern
characterized by hesitant, shuffling steps that are short and quick, that can lead to falls.
The resulting fear of falls can lead to decreased activity and further loss of
independence (Cutson et al., 1995). When people with PD walked a short distance,
they typically show reduced velocity of walking associated with reduced stride length
and a compensatory increase in cadence. These abnormalities are thought to be
because of hypokinesia, that is, reduced speed and amplitude of movement, which is a

major motor impairment observed in PD (Hayashi et al., 1997, Canning et al., 2006).

The effects of physical training on motor performance in PD has been studied by
several researchers in recent years: most of them reported positive results on some
motor tasks, such as gait, bradykinesia, rigidity and transfer, so that the effectiveness of
motor training on these aspects is generally accepted. Gait training delays the
development of postural instability and subsequently improves gait ability in the long-
term. Therefore, most researchers supported the specific training of gait in patients as

an important component among the treatment to improve gait ability.

Task-specific gait and step training resulted in a reduction in falls and
improvement in gait speed and dynamic balance in individuals with postural instability
gait difficulty pre-dominant Parkinson disease and moderate disease symptoms (Protas
et al., 2005). Stepping is a commonly executed protective strategy for maintain balance
in the everyday environment. Step may be initiated voluntarily to guard against a fall, or
induced reactively in response to external challenges to balance (Reuter and

Engelhardt, 2003).



Therefore, most researchers supported the specific training of exercise with
external cue in patients as an important component among the treatment modalities
to improve gait ability. Transverse line visual cues are associated with longer steps,
greater push-off force and higher velocity in gait initiation in people with Parkinson
disease. And it improved gait initiation time, the length of steps and the magnitude of
push-off force and overall velocity in people with Parkinson disease. (Jiang and Norman,

2006)

Previous studies have found ascending and descending steps relatively easy

because the stair act as visual cue that drive motor performance (Morris, 2006).

From the literature review, there is no literature study of effectiveness of stair-
walking training in Parkinson’s patients. The main aim of the present study is to
investigate the effect of step initiation time, walking speed, step length and step
frequency post stair-walking training in Parkinson’s patients. The outcome of this

study is expected to be useful for gait ability improvement in Parkinson’s patients.



Objectives

To investigate the effect of stair-walking training on the changes of gait ability

in Parkinson patients

Research Question

1. Does the stair-walking training has the changes of gait ability in Parkinson

patients?

2. Dose the gait ability in stair-walking training differ from overground walking

training?

Scope of research

The study is an experimental research design which Parkinson patients within

stage 2-3 of the Modified Hoehn and Yahr disability scales participated as subjects.

The study approval was obtained form the University Ethics Committee. Written
inform consent was obtained from each subject before the experiment started.
On attendance, subjects were given a briefing on the experimental procedure and risk

involved, and reminded of their right to withdraw at any time.

Limitation

The number of subjects is small since time limitation of master of science

curriculum.



Operational Definition

1. Parkinson’s disease is defined as idiopathic Parkinson’s patient, which

refers to the symptom of tremor, rigidity, bradykinesia and postural instability.

2. Modified Hoehn and Yahr is defined as a commonly used system for
describing how the symptoms of Parkinson's disease progress. The scale allocates
stages from 1 to 5 to indicate the relative level of disability. In this study focused on

Parkinson’s patient among the stage 2-3 of the modified Hoehn and Yahr.

3. Stair-walking training is defined as walking training up — down on Corner
exercise staircase. Stair arrangement: three 15 cm. higher steps on a side, eight 10 cm.
higher steps on other side. Steps are 60 cm. wide and 22 cm. deep. Fitted with two

sides of handrails.

4. Gait ability is defined as measurement of ability of gait. In this study used
step initiation time, walking speed, step length and step frequency in walking at

self-adapted walking speed on 10-meters walkway.

Expected Benefits and Application

1. Providing the beneficial information of stair-walking training in patients with
PD, which may be recommended-as can be used to improve gait ability in Parkinson

rehabilitation program.

2. Providing the preliminary data for further research.



CHAPTER I

REVIEW OF THE LITERATURES

Historical Background of PD

Parkinson’s disease (PD) was named after James Parkinson originally describing
the disease in classic article untitled “Essay on the Shaking Palsy”. The cardinal
manifestations of PD based on the examination and observation of six patients including
tremor, stooped position, propulsive gait and difficulty in initiating movement
(Parkinson, 1817). To date, the cardinal features of PD include resting tremor,

bradykinesia, rigidity and postural instability.

PD is a progressively neurodegenerative brain disease. Its onset progresses
insidiously, relentlessly and affects multiple neuronal systems of the central nervous
system. The causes are often unknown, but anatomical evidence indicates deficiency

of the neurotransmitter dopamine in the basal ganglia (Schenkman and Bulter, 1989).

Functional Anatomy and Connection of Basal Ganglia

Basal ganglia are another accessory motor system. Anatomically, they are
located mainly lateral to the thalamus, occupying a large portion of the deep regions of
both cerebral hemisphere. Basal ‘ganglia consist of caudate nucleus, putamen, globus
pallidus, subthalamic nucleus and substantia nigra. The caudate nucleus and putamen
are considered the striatum. The globus pallidus or pallidum is divided into two
segments including the external (GPe) and internal segment (GPi). Substanis nigra,
a pigmented dopamine rich nucleus, is also divided into segments comprising

substania nigra par compacta and par reticulate.



Basal ganglia form extensive interconnections with the cortex and the thalamus
referred as basal ganglia-thalamocortical circuits. Therefore, the primary function of
basal ganglia is believed to indirectly aid the motor cortex in planning and generating
motor commands via the sensorimotor cortex. The basal ganglia also play a role in

cognitive and affective behavior (Horak et al., 1996, Gentilucci and Negrotti, 2002).

There are at least five basal ganglia-thalamocortical circuits, which link cerebral
cortex, basal ganglia and thalamus as motor loop. Motor loop or subcortical feedback
loop controls locomotor function. The motor circuit forms motor and somatosensory
areas of the cortex. This circuit connects the restricted portion of the basal ganglia,
thalamus and the output back to the premotor cortex, supplementary motor cortex of the
frontal lobe (Dawson, 2000). The motor circuit is not only focused on the precentral
motor fields but also oculomotor circuit and limbic circuit. According to this function,
basal ganglia are capable of concurrent participation in separate functions including
skeletomotor, oculomotor, cognitive and limbic process as a parallel structure of the

individual basal ganglia thalamocortical circuitry (Alexander and Crutcher, 1990).

Theoretically in primary feedback loop, input from all areas of the cortex project
to the striatum by glutamate mediated pathway. The striatum send GABAergic or
substance P inhibitory projections to internal segment of the globus pallidus (GPi) and
substantia nigra par reticulate (SNr), which two outputs project to cortex via thalamus.
Activity in the striatal neurons subserving this pathway is enhanced by dopaminergic
input from the substantia nigra par compacta (SNc). This pathway is believed to serve
for facilitating motor programs (Anne et al., 2002). Additional two pathway, the putamen
first receives dopaminergic projection from the SNc forming the nigrostriatal tract.
The major inhibitory output of the putamen projects to GPe by both GABA and
enkephalin. The excitatory subthalamic nucleus (STN) then drives the SNr and GPi to
inhibit the thalamus. Second, the STN can also be activated directly by the cortex to SNr

and GPi, It is hypothesized that it is used to suppress inappropriate motor behaviors.



Moreover, the association loop is one of the dopaminergic nigrostriate pathways.
The association loop is responsible for cognition, memory, behavior, oculomotor and
limbic processes by involving caudate nucleus. The caudate nucleus receives
dopaminergic fibers from SNc via thalamus indirectly connects to the association cortex

such as the frontal, parietal and occipital lobe (Kato et al., 2002).

Interestingly, the role of the dopamine in basal ganglia appears to be complex.
There is a recent evidence that dopamine modulated cortical networks subserving two
distinct mechanisms. The nigrostriatal projections facilitate motor function indirectly via
thalamic projection to motor cortices, whereas the mesocortical dopaminergic system
facilitates working memory function via direct inputs to prefrontal cortex (Mattay et al.,

2002).

In summary, the basal ganglia play an important role in planning and controlling
in correct execution. The major input from the cerebral cortex to striatum is mediated by
the neurotransmitter glutamate (Glu). The neurotransmitter dopamine has an important
role in controlling direct and indirect pathway: of motor circuits of basal ganglia. There
are two pathways associated with this dopamine transmitter. One is a direct pathway
from putamen to GPi/SNr using GABAergic and substance P. The other one is an
indirect pathway from putamen to GPi/SNr via GPe and STN mediated by GABA or
enkephalinergic neurons. _The activation of direct pathway is associated with facilitating
movement while activation * of indirect pathway suppresses. movement (Figure 2.1,

(Alexander and Crutcher, 1990)).



Cerebral Cortex

V

Brainstem
Spinal cord

GPI/SNr

Figure 2.1 Schemic diagram of the circuitry-and neurotransmitters of the basal
ganglia-thalamocortical circuitry, indicating the parallel ‘direct’ and‘indirect’ pathways
from the striatum to the basal ganglia output nuclei. Inhibitory neurons are shown as

filled symbols, excitatory neurons as open symbols.

Abbreviations: DA, dopamine; enk, enkephalin; GABA, y-aminobutyric acid;
GPe, external segment of globus pallidus; GPi, internal segment of globus pallidus;
glu, glutamate; PPN, pedunculopontine nucleus; SNc, substantia nigra pars compacta;
SNr, substantia nigra pars reticula; subst P, substance P; STN, subthalamic nucleus;

Tha, thalamus (Alexander and Crutcher, 1990)
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The Connection of Basal Ganglia in PD

Dopamine deficiency in PD leads to functional changes in striato-pallidus
circuits. The loss of nigrostriatal dopaminergic activity reduces activation of neuron in
the direct pathway and reduces the normal inhibition of neuron in the indirect pathway.
In direct pathway, there is a decreased activation of dopaminergic neurons leading to
reduced inhibition of the GPi and SNr, consequently STN reinforcing the hyperactivity in
GPi/SNr. In contrast, there is a disinhibition of striatal neurons in the indirect pathway
resulting in decreased activity in the GPe and disinhibition of the STN, thereby over-

excitation of GPi and SNr (Obeso et al., 2000).

In conclusion, the result of dopamine is increased excitation of the GPi/SNr
neurons via the indirect pathway and decreased inhibition via the direct pathway.
This leads to increased output from the GPi/SNr that exceed inhibition of brainstem and

thalamo-cortical neurons resulting in development of parkinsonian features. (Figure 2.2)

Additionally, study of decerebrated cats by Takakusaki et al (2003). suggested
that the lateral and medial parts of the SNr afferent to the mesopontine tegmental area of
the brainstem which are modulated by GABAergic nigrotegmental projections
contributed to locomotion and postural muscle tone regulation. The GABAergic
projection from the medial SNr to the mesopontine tegmentum controls the locomotor
pattern and that lateral SNr'to the pedunculopontine tegmental nucleus (PPN) as the
muscle-tone inhibition region determines the level of muscle tone. It seems that
locomotion _and muscle tone can “be independently controlled by the separated
nigrotegmentral projections. This hypothesis may: assist in understanding of the
mechanisms of motor disturbances in PD. An increased in SNr inhibition, together with a
decreased in cortical excitation of the PPN may increase the level of muscle tone.
Similarly, an excessive inhibition of the MLR and a decreased in cortical excitation of the

brainstem may elicit gait failure (Takakusaki et al., 2003).
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MOTOR CIRCUIT IN PD
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Figure 2.2 The model of basal ganglia circuitry in the parkinsonian state.

Black arrows represent inhibitory projections and white arrows represent
excitatory projections. The thickness of the arrow represents the degree of functional

activity of the projection (Obeso et al., 2000).
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Clinical Manifestations of Parkinson and Parkinsonism

The four main motor symptoms of PD are resting tremor, bradykinesia, rigidity
and postural instability. Gait difficulty also is discussed as a separate major motor
symptom of PD, although the origin of gait difficulty lies in the other cardinal features
(Dewey RB, 2000). Generally, the presence of resting tremor in addition to one of the
other symptoms or the presence of the other three symptoms in the absence of resting

tremor, will indicate the clinical diagnosis of PD.

Resting tremor

Resting tremor is an alternately rhythmic activity in antagonist muscles presented
79% to 90% in clinical series (Gelb et al., 1999). A frequency of the resting tremor
is approximately 3-7 cycles/sec (Hz), which causes a typical action of the thumb and
fingers know as pill rolling. Typically, the resting tremor is more prominent at rest, and
may present during action but disappears during deep sleep. The tremor tends to begin
in one finger and hand and spreading over time to involve the whole arm, the
contralateral side or the ipsilateral leg. However, the side with the initial symptoms is
usually more severely affected and the tremor remains asymmetric throughout the
course of the disease. Amplitude will vary, and will become more pronounced when the
patient is under stress (Gabriel Hou and Lai, 2008). In addition, tremor can also affect
the chin, lip, tongue and neck (Gelb et al., 1999, Dawson, 2000). It has been suggested
that tremor is due to an-altered firing rate of ventral .intermediate nucleus (VIM) of the

thalamus (Morris, 2000, Lozano and Carella, 2002).

Rigidity

Rigidity or muscle stiffness can be detected by slow passive movement
throughout the entire range of motion of the affected joint that can be felt degree of
resistance of both extensor and flexor muscles. The resistance is either cogwheel or
lead pipe. The cogwheel phenomenon is felt as a fluctuating resistance with tremor

bursts. Lead pipe rigidity is defined as continuous resistance throughout the range
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of movement and is felt when passively stretching muscles around a joint in a relaxed
subject. As with tremor, rigidity usually begins unilaterally and may ultimately spread to
involve the contralateral side (Dawson, 2000, Guttman et al., 2003). Rigidity may result
from abnormal activation of long-latency stretch reflexes coupled with an increase in
central reflex gain (Burke et al., 1977) and peripheral mechanical proportion of muscle

(Dietz, 1997).

Rigidity also causes stooped posture and forward shift of the center of gravity
(propulsion), resulting in postural instability. Patients also manifest flexed limbs and

decreased arm swing when walking (Stanley and Protas, 2008).

Bradykinesia

Bradykinesia is used to described the overall slowness of voluntary movement,
if often used interchangeably with hypokinesia (poverty of movement) and akinesia
(absense of movement) (Jankovid J, 2003). Characteristic is an inability to initiate and
intently perform movement and also affect all types of movement especially complex
movements (Kutukcu et al., 1998, Kutukcu et al., 1999). These may contribute to
develop a stooped posture, slow voluntary movement, decrease arm swing associated
with shuffling gait, decrease facial movement (hypominia) resulting in drooling, change
in speech (hypophonia). Moreover, these symptoms result in difficulty performing
everyday functions, such as getting dressed, doing household chores and rising from
chairs or bed. Writing may become micrographic, with a progressively smaller character

size as the person continues to write (Koller, 1992).

There is hypothesis that bradykinesia results from disruption of the
neurotransmitters used in the neural projections from the internal globus pallidus to the
supplementary motor area, the premotor and motor area (Brotchie et al.,
1991,Cunnington et al., 1995). This consequence may result in hypoactivity in thalamo-

cortical execution (Valls-Sole J and Valldeoriola, 2002).



14

Postural instability and gait disorder

Impairment of postural stability or balance is a major functional problem for
persons with Parkinson’s disease especially advanced stage according to the defining

feature of stage 3-4 disease on the Hoehn and Yahr scale.

Postural instability is likely to be the combined effect of rigidity and bradykinesia
and generally occurs in patients with more advanced PD. It is mainly due to the loss of
postural reflexes, which causes difficulties in positional adjustment. The patient’s trunk is
flexed to the stooped posture, and he or she presents with shuffling gait. The patient
with PD tends to walk more quickly due to involuntary propulsion, and he or she may
take smaller and faster steps (festination) and fall forward as a result. In addition, PD
patients frequently have freezing gait, or sudden inability and hesitancy in moving their
legs. Freezing is most often seen in gait initiation and on turns. Once gait is initiated, the
patient can walk more naturally, as if thewed. Patients with freezing gait have particular
difficulty walking through narrow passages or reaching a destination (such as a chair)
before sitting down. Falls can easily occur during these freezing episodes. Due to PD
patients frequently fail to extend their arms to protect themselves; clinicians depend
upon clinical test to estimate falling risks. The clinical may examine a patient’s ability to
balance by performing the pull test from behind. This test examines the patient’s
response to a sudden, strong posterior displacement produced by a pull on the
shoulder while the patient is erect with eyes open and feet slightly apart. The patient is
prepared and can practice prior to the test; however, patients with more severe PD may

fall if not caught by the examiner (Stanley and Protas, 2008).

These symptoms resulting from postural instability are unfortunately relatively
resistant to pharmacological treatment. Patients may require physical therapy or rely on

walking aids (Stanley and Protas, 2008).
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Atpical parkinsonism disorders or parkinsonian syndromes occur from a known
cause. Clinical signs of many parkinsonism syndromes consist of resting tremor,
akinesia, rigidity, postural instability and gait abnormalities, as well as other neurologic
abnormalities, e.qg. supranuclear gaze palsy, cerebellar ataxia, autonomic dysfunction,
dementia or hallucination. These parkinsonian diorders poorly response to levodopa
(Stacy and Jankovic, 1992, Litvan, 1998). Secondary parkinsonism is one form of
parkinsonism resulting from injury, infections, tumor or stroke, metabolic derangement,
drug and toxins. Furthermore, parkinsonism include hereditary neurodegenerative

disease and multiple system degenerations (Stacy and Jankovic, 1992).

The diagnosis of PD continues to be based on presenting signs and symptoms.
To date, the cardinal signs of PD are rigidity, bradykinesia, tremor and postural
instability. Other less common features include sensory phenomena, loss of smell,
depression, dementia, sleep disturbance and autonomic nervous system dysfunction

(Koller, 1992).

The Modified Hoehn and Yahr Disability Scales

The Hoehn and Yahr staging scale based on the level of clinical disability.
It consists of seven stages from mildly to severely disable. Stage 1 is unilateral
involvement only, usually with minimal or no functional impairment. Stage 1.5 is unilateral
involvement plus axial involvement.-Stage 2 is bilateral or midline involvement without
impairment of -balance. Stage 2.5 is mild bilateral involvement, impairment of balance
without recovery on pull test. Stage 3 is mild to ‘moderate bilateral involvement and
impairment of postural instability, first signs of impaired righting reflexes. Functionally
the patient is somewhat restricted in activities but many have some work potential,
depending on the type of employment. Patients are physically capable of leading
independent lives. Stage 4 is fully developed, severely disabling disease: the patients is
still able to walk and stand unassisted but is markedly incapacitated. Finally, stage 5 is

confinement to bed or wheelchair unless aided (Hoehn and Yahr, 1967).
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Treatment of PD

Treatment of PD is symptomatic and individualized. Available therapeutic
approaches include pharmacological, non-pharmacological and surgical procedures.
No know medication is able cure PD, although the effect to arrest its progression has

always been a major focus of its treatment.

Pharmacological

Development of pharmaceuticals for symptomatic relief is the main goal of PD
therapies. Various classes of drugs are available for the treatment of PD include
levodopa  (carbidopal/levodopa), dopamine  agonist, amantadine, catechol
C methyltransferase (COMT) inhibitors, selegiline and anticholinergics (Jellinger, 1987).
Levodopa remains the most potent drug for treatment of PD and usually patients who
are unresponsive to high doses of levodopa are unlikely to respond to other
dopaminergic agents. Levodopa lessens rigidity, tremor and bradykinesia but its
efficacy is limited by motor fluctuations, dyskinesia and neuropsychiatric complications

(McRae et al., 2002).

Dopamine agonists (bromocriptine, pergolide, pramipexole and ropinirole) are
helpful in treatment of PD. Adverse effects of dopamine agonist consist of nausea and
vomiting, orthostatic hypotension, sedation, headache, cardiac arrhythmia and
psychosis. COMT inhibitars (entacapane and tolcapone) are used as adjunctive therapy
to levodopa in treatment of PD. Administration of COMT inhibitors can decrease “off”

timeand'increase “on”time in-PD (Jellinger, 1987, Pellecchia et al., 2004).

Anticholinergics (benzatropine, biperiden, trinexyphenidyl and procyclidine) are
used for symptomatic treatment of tremor in patients with PD. It is thought that
anticholinergics exert their effect by partially correcting the cholinergic excess that
occurs in the relative dopamine deficiency of PD patients. Adverse effects include
blurred vision, memory impairment, confusion, delirium, urinary retention and

constipation (Schenkman et al, 1997).
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The main medical treatment of PD aims at firstly, improvement of the
dopaminergic motor symptoms or delay as long as possible the motor complications,
secondary, amelioration of neuropsychiatric, cognitive and autonomic complaints and
lastly, establishing therapies to slow or prevent disease progression (Djaldtti and

Melamed, 2002).

Non-pharmacological

Non-pharmacological treatment included physical, occupational and speech therapies. The
patients with PD improve their physical performance and activities of daily living through exercise
(Crizzle and Newhouse, 2006). Exercise is an activity that patients can perform together with
pharmaceutical treatment to reduce complications from the pathology of the disease, thus enabling
the patients to continue carting out their daily living activities and to reduce their dependence on

others to maintain quality of life (Chen et al., 2005, Gabriel Hou and Lai, 2008).

The goals of a training program must be attainable for the patients. The first aim
of physical treatment is to keep the patient as functional as possible. Exercise treatment
will not stop progress of PD, but it should prevent secondary complications such as loss
of muscle strength, decrease of movement range with subsequent contractures,

orthostatic hypotension, inactivity osteoporosis, and pneumonia.

In the current, exercise program should emphasize safe and functional
movements and ideally include strengthening, flexibility, endurance and balance
activities. Numerous _research studies. have. shown that physical therapy/exercise
interventions positively impact movement problems experienced by PD patients (Stanley
and Protas, 2008). Especially, gait trainingin- Parkinson- patients. as an important

component among the treatment to improve gait ability.

Many researcher studied exercises with visual cued to stimulate walking. After
they have taken the first step, they tend to continue walking in short, quick steps,
especially during the first steps. Thus, they should practice normal walking with straight

back and longer steps.
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Although antiparkinsonian medications improve gait, their effectiveness
decreases progresses. Other forms of interventions have limited impact on gait and
balance over time. Therefore, there is a need to explore alternative, rehabilitation

interventions to improve gait and balance impairments (Protas et al., 2005).

Gait pattern in Parkinson

As a result of PD progressive disease, a number of clinical motor signs become
apparent, including a gait that can be primarily characterized by hopokinesia and

akinesia (Brunt et al., 2008).

Hypokinesia refers to a slowness of gait characterized by loss of arm swing on
one or both sides, slowing, especially after walking for a long time, shortened stride
length and intermittent shuffle, tripping over objects (Pal et al., 2002) and decreased
ground clearance. The term shuffling gait is often used to describe how patients with PD

walk. The fear of falling may also contribute to the hypokinetic characteristics of PD gait.

Akinesia is manifested in the inability of PD patients to initiate gait or in freezing
during gait. Freezing, or sudden cessation of walking, usually occurs while turning or
when confronted with environmental constraints such as a doorway or an approaching
target (Brunt et al., 2008). Difficulties in gait initiation-and changes in postural control are
also problematic. Turning is difficult because it requires a series of gait initiations.
Freezing and motor blocks, balance deficits, and frequent fells occur during latter

stages of PD (Giladi N, 2002).

When people with PD walk a short distance, they typically show reduced velocity
of walking associated with reduced stride length and a compensatory increase in
cadence. Patients with last stage, the effected individual demonstrates diminishing arm
swing and an overall attitude of flexion when walking, with the head projecting

abnormally anteriorly and the thoracic spine becoming kyphotic. The arms and legs
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assume a flexed and adducted posture and the patient takes increasingly shorter steps.
PD who have problems with balance tend to have problems with their first step, but after
that they can have a series of quick, short steps and unable to suddenly stop walking;

otherwise, they will easily fall down (Hayashi et al., 1997, Canning et al., 2006).

Elderly persons with PD are characterized by poverty of movement, loss of
muscular strength and endurance, and diminished functional capacity. The weakness
may arise from various factors associated with the disease including inactivity arising
from the basic disability as well as electrophysiologic changes in muscle activation
involving alterations of the discharge patterns of muscle units during activation and

coactivation of opposing muscle groups (Scandalis et al., 2001).

Typically, when these patients become less confident in their coordination, many
patients prefer to restrict their activity because of potential injury. This restricted activity
results in muscular atrophy, similar to the condition of sedentary elderly individuals.
The encouragement of such patients to perform various exercises and avoid the
complication of muscle atrophy in addition to the underlying neurologic deficit is the
rationale for physical rehabilitation methods in patients with PD (Scandalis et al., 2001).
Even when people with PD are capable of walking at velocities comparable to healthy
controls, they do not sustain this velocity over longer distances. Training that targets

high velocities warrants investigations as a remediation technique (Canning et al., 2006).

These abnormalities are thought to be because of hypaokinesia, that is, reduced
speed and amplitude of movement, which is a major motor impairment observed in PD
(Hayashi et al., 1997, Canning et al., 2006). Therefore, improvements in walking speed
and stride length are the primary goals of gait in therapy in patients with PD (Poel et al.,
2003).
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Gait training in Parkinson

Several researchers supported the gait training in Parkinson patients as an
important component among the treatment to improve gait ability. Several authors
reported increased gait ability; gait speeds, step length, step frequency after treadmill
training or repetitive training of compensatory stepping in individuals with PD (Protas et

al., 2005).

Gait training with treadmill
Treadmill training is widely used to enhance the gait performance of PD patient. Many
studies have examined the effects of ambulation training on treadmill with no body weight support or

with body weight support on gait and motor performance in PD.

Miyai et al. (2002) investigated the effect of body-weight supported treadmill
training (BWSTT) on gait and parkinsonian symptoms of PD in 24 patients with mild to
moderate stage. In this 4-week crossover study, BWSTT produced greater improvement
in motor performance compared with conventional physical therapy (PT), increasing
stride length and gait speed, reducing step frequency and parkinsonian symptoms.
A follow-up randomized controlled trail showed a long term effect of BWSTT on gait,

beyond that of conventional PT which lasted for about 4 months.

Pohl et al. (2003) examined the immediate effects of a single treadmill session in
a crossover, 4 — consecutive - day trial in 17 patients with early PD. Their results suggest
that gait speed and stride length can be improved through a single intervention treadmill
training (even speed-dependent treadmill training or limited progression treadmill
without body-weight support), but not-through conventional gait training or a no-

intervention waiting period.
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Frenkel-Toledo et al. (2005) assessed the influence of treadmill training on stride
to stride variability in 36 patients with early PD compared with 30 healthy matched age.
Their results showed that when walking on a treadmill, patients with PD improve their
gait and walk with reduced gait variability, even when walking at the same speed as on

overground walking.

Herman et al. (2007) evaluated the effects of 6 weeks of intensive treadmill
training on gait rhythmicity in 9 patients with mild to moderate PD. They adjusted speed
of treadmill every week and assessed short effect, post completed training and long
effect, 4-weeks post completed training. This results showed the potential to enhance

gait speed and stride length in short term effect and long term effect.

Fisher et al. (2008) studied the effects of treadmill training in improving motor
performance in 30 patients with early Parkinson. They compared with conventional
physical therapy program. This found that improved motor performance in gait speed,
step length and step frequency during self-selected and fast walking speed post 8

weeks of training in experimental group.

The mechanism whereby treadmill training works in PD remains to be fully
determined. One possibility is that the treadmill acts as an external rhythm by setting
the walking pattern, reinforcing neuronal circuits that contribute to gait pacing. This
explanation is supported by earlier findings which showed that treadmill provides an
external rhythm that compensates for the defective internal rhythm of the basal ganglia
in the same way that rhythmic auditory stimulation or visual cues work in PD (Herman et

al., 2007).

Another possibility is that treadmill training works as a form of motor relearning.
The treadmill training used here was repetitive and involved on going feedback. The
patient learns to adapt to progressively increasing demands a process that may

enhance the automating of motor control (Herman et al., 2007).
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Gait training with step

Few studies reports suggest that ambulation training using repetitive training of
compensatory stepping in individuals with PD results in improvements in gait

performance.

Rogers et al. (2003) studied the influence of step training on the speed of
voluntary step initiation in aging. They found 8 older adults improved step initiation time
and longer step length. The subjects underwent step training consisted of pull
pertubations and somatosensory reaction stimulus cued for 3 week regimen of either

twice weekly.

Jobges et al. (2004) studied the effect of repetitive training of compensatory
step. That found 14 patients with mild to moderate PD underwent training consisted of
pull pertubations for 14 days. The results showed an increase of gait speed from 0.64
m/s to 0.77 m/s. This increase was accompanied by and increase in cadence (0.80
steps/s to 0.87 steps/s) and step length (0.80 m. to 0.87 m.), but there was no control

group comparison.

Using a paradigm that focused on stepping rather than routine walking, Protas et
al. (2005) assessed the benefits of gait and step perturbation training in 18 patients with
mild to moderate PD. They found that walking on-a treadmill at a speed greater than
overground walking speed while walking in 4 directions (back and forth and sideways)
and step training (practicing starting and stopping) resulted in a reduction in falls and
improvement in gait speed, cadence, stride length and dynamic balance in a small

group of patients.

Researcher suggests that repetitive motor activity forms an important
prerequisite of motor learning, that like as repetitive step in walking on treadmill. And
repetitive step is conceivable the central nervous system processes that mediate

protective stepping resemble those involved in the control of gait Rogers et al. (2003).
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Gait training with cue

Many researches have recommended the use exercise with external cued to
stimulate walking. Visual and auditory sensory cues as well as the anti-parkinsonian
medication levodopa can modify gait movements and muscle activation in some

patients with PD (Morris et al., 2000, Suteerawattananon et al., 2004).

Morris et al. (1996) studies the effect of visual cueing training in 16 Parkinson
patients. Subjects were performed gait training at 2-min intervals for 20 minutes for 3
weeks. The results showed improved gait speed, step frequency and step length post

training.

Suteerawattananon et al. (2004) determined the effect of a single combined
visual and auditory cues session on gait pattern in 24 Parkinson patients with mild to
moderate stage. That found improved gait speed, step frequency and stride length.
Auditory cueing significantly improved cadence, but visual cueing improved stride

length.

Jiang and Norman (2006) evaluated the effects of auditory and visual cues on
gait initiation in 14 Parkinson patients with mild to moderate stage. The results showed
the longer of firsts and second step lengths and higher gait velocity were significantly
greater in the visual cue than baseline, but no significant effect of auditory cue. And
there were no. significant effects” of ‘cue on ‘step initiation time, but decreased step

initiation time in both cues.

Nieuwboer et al. (2007) investigated the effects of a home physiotherapy
programme based on rhythmical cueing on gait parameters in 153 Parkinson patients
with mild to moderate stage. All subjects received a 3-week home cueing programme
using prototype cueing device. They found significant improved in gait speed and step

length, but no significant effect of step frequency.
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A common mechanism of external cue training may be the shunt of the Basal
Ganglia-Supplementary Motor area interaction either by a more important implication of
the motor cortex by attention or by the activation of a specific visuomotor pathway for
external stimuli and so, to by-pass the deficit of internal cueing (Morris et al., 1996,

Azulay et al., 2006).

The effect of stair-walking exercise

Stair can be used anywhere and low cost. Stairs are frequently encountered
obstacles in daily living and stair climbing requires much more effort and energy than
ground walking. Stair climbing like walking, it requires no equipment and is freely
available, at least in the developing world. Stair climbing was readily accessible, free

and easily accumulated into an individual's life (Olander et al., 2008).

In healthy people, stair-walking is a readily accessible form of exercise which is
associated with a reduced mortality in populations (Boreham et al., 2000). Loy et al.
(1994) indicated stair climbing is an appropriate exercise for middle-aged females
improving both aerobic capacity and strength following 12 weeks of training. And the
data supported the use of stair-climbing exercise as an alternative mode to running with
similar treadmill and running performance results subsequent to 9 weeks of training (Loy
et al,. 1993). Following 12 weeks of stair-climbing the only statistically significant change
was a decrease in Ratings of Perceived Exertion (RPE) during the stair-climbing lest

in the exercise group (limarinen-et al., 1979).

In Parkinson patients, stair-walking combined repetitive step and visual cued.
Repetitive step, that like as walking on treadmill. Treadmill training, the effect induced
gradual implicit motor learning of rhythmic walking. It used repetitive and involved on
going feedback (Miyai et al., 2002). Staircase could provide some visual cueing during
walking. The visual cues are commonly transverse lines or rods on the floor. These types
of visual cues have been associated with increases in stride length and velocity in

Parkinson patients (Jiang and Norman, 2006).
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From the literature review, the patients with PD show improved gait ability post
gait training program. We found no information was presently available on the impact of

improvement in gait ability through stair-walking training in PD.

We are interested in applying stair-walking training for rehabilitation program in
Parkinson patients. So the aim of this study was to evaluate the effect of stair-walking
training program on gait ability in patients with PD. The stair was used in this study

because it can be utilized effectively without expensive equipment and easy to use.

We would like to study the effect of stair-walking training on gait ability in

Parkinson patients with compare to conventional physical therapy training program.



CHAPTER I

RESEARCH METHODOLOGY

Research design

This study is an experimental research which aims to examine the effect of
stair-walking training in Parkinson patients. The subjects were allocated to two groups.
Both groups were similar in severity of PD. Training group completed a 4-week stair-

walking program and control group completed a 4-week ground walking program.

Research methodology

Population and Sample

In this study, the target population was both male and female volunteers with PD.
The samples were patients with-PD who recruited from Chulalongkorn Comprehensive
Movement Disorder Center within King Chulalongkorn Memorial Hospital. Approval of
this study was provided by Chulalongkorn University Ethic Committee. They were
divided into two groups; experimental group and control group. The patients were
interviewed about their disease, medical history. The characteristic data including

weight and height were recorded. The inclusion and exclusion criteria were as follows.

Inclusion criteria

1. Diagnosis of idiopathic PD by neurologists

2. PD within stage 2-3 of the Modified Hoehn and Yahr disability scales

3. Ability to stand independently and walk with or without an assistive device

4. Receiving antiparkinsonian medication and medically stable
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Exclusion criteria
1. Have a problem of musculoskeletal system especially lower extremity.
2. Have a stooped posture.
3. Have a problem of movement from other movement disorder.
4. Have a problem of cardiovascular disease.
5. Have difficulty in understanding instructions.
Sample size

Volunteers were chosen from Chulalongkorn Comprehensive Movement Disorder
Center within King Chulalongkorn Memorial Hospital. The volunteers had to pass

the inclusion and exclusion criteria.

Sample size calculation

Sample sizes were calculated from the study of Miyai et al. (2002).
They investigated the effects of treadmill training with body weight support in 20
Parkinson patients within stage 2-3 of the Modified Hehn and Yahr. Control group 9
patients and experimental group 11 patients. In this study, the mean error of gait speed
after training of control group was 10.8 £ 1.8 seconds/10m. and-experimental group was

8.5 £ 0.7 seconds/10m. And the sample size was calculated below.

n= 2(Zqg+ ZB)2 sz

D

Ol = 0.05 (two-sided), Zy, = 1.96
B = 0.20 (two-sided), Zg = 1.28

D = differences of mean needed to be test
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2 2 2 2 2

S = (n-18 +(Mn,-1)S, = (9118 + (11-10.7)
n,+n,-2 9+11-2

2_

S, = 1712
Substistute to n = 2(1.96+1.28)°1.712)
(10.8-8.5)°

n = 679

n for each group will be 7 persons. To prevent drop out rate during
the experimental and detect more reliability, subjects will add for more 15%. So, total

subjects are 10 persons for each group.

Instruments
1. Case record form
2. Information form

3. Corner exercise staircase
4. Timer- counter with sensor infrared
5. Measuring tape

6.  Stop watch (JS-306, Junso” , China)
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Assessment of the gait ability

The assessment of the gait ability is a test that quantitatively examines the ability
of walking in Parkinson patients. Gait ability assessments were recorded with timer-
counter with sensor infrared. The following measurements were performed before-after
walking training program. The patients was asked to walk at self-adapted walking speed
on 10-meters walkway with timer-counter with sensor infrared, while the subject was
guarded by a physical therapist to prevent falls. The patients completed 3 trials on

10-meters walkway, and the average of the results from these 3 trials was used as data.

Walking speed (m/s) was calculated from the time to walk at

self-adapted walking speed on 10-meters walkway.

Step initiation time (sec) was calculated from the time between the sign

of start and the foot over the ground.

Step length (meter) was calculated by dividing the 10 meters by step

frequency (steps).

Step frequency (steps/10 m) was calculated from the number of step.

There were counted by the observer.

Switch 1 Switch 2 Sensor infrared

: \ 10'M l
Start ¢ ’ ?
E E Total time |

Step initiation time

Figure 3.1 Diagram for gait ability assessment
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Data collected from timer-counter with sensor infrared

Timer-counter with sensor infrared was the instrument for measure the ability of
walking. Timing began after the examiner said “Start”, while the examiner pressed the
first switch off. Press the second switch off for step initiation time while the foot’s subject
over the ground. When subjects passed 10 meters, the timing stopped by sensor
infrared. Data were showed on the monitor after each switch off. Time was recorded to
the nearest .01 second, and the average of 3 trials was taken. Test-retest reliability for

this measure within our clinical lab is excellent (R=.99).

Figure 3.3 Sensor infrared
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Walking training program

Before and after training, both groups received general exercise and static
stretching. Static stretching which involved slowly stretching muscles to the fullest and

keeping tension for at least 10 seconds. The subjects received walking training time

30 minutes per session, 3 sessions per week for 4-weeks.

Figure 3.4 General exercise

Stair-walking training program

The experimental group was then asked to walk at self-adapted walking speed on the
corner exercise staircase. The subjects were asked to walk up the 10-cm-high step in the first week.
And then in the third week, the subjects were asked to walk up the 15-cm-high step. The subject was
allowed. to rest if fatigue occurred during stair-walking. training, but the training time was stop and
counted again when the subjects start walking training. They were further instructed that they could
use the handrail if they thought it was necessary for safety purpose. The subject was also guarded

by a physical therapist during the training.
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Qining program

Ground walking training program

The control group was then asked to walk at self-adapted walking speed on
the ground at home. The subjects were allowed to rest if fatigue occurred during

walking.

Procedure

Sixteen Thai Parkinson patients within stage 2-3 of the Modified Hoehn and Yahr
disability scales were recruited the subject from inclusion/exclusion criteria. After the
subject gave informed consent, the subject was asked to provide demographic
information and- history. of PD. The subjects -are divided-into-two groups. They was
randomly assigned to either the stair-walking training experimental group or a control
group-who ‘received the -home program; seven-subjects’ .control-and nine subjects’
experimental group. All' received walking training program for 4-weeks, which
experimental group underwent the stair-walking training and control group underwent
the conventional walking training. Furthermore, all received step initiation time, gait

speed, step length and step frequency measurement occurred before and after training.
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Gait ability test: step initiation time, walking speed, step length

and step frequency

v v

Ground walking | ‘ Stair-walking

training 4 week training 4 week

v \

Gait ability test: step initiation time, walking speed, step length

and step frequency

Figure 3.6 The research procedure
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Data analysis

All results were expressed as the mean + SD. All of the data was normal
distribution. The paired t-test was to detect the differences of the error in step initiation
time, gait speed, step length and step frequency between before and after training.
The unpaired t-test was to detect the differences of the error in step initiation time, gait

speed, step length and step frequency between control and experimental group.

An alpha level of 0.05 was used to determine statistical significant. All analyses
were performed on the Statistical Package for the Social Sciences version 14.0 (SPSS,

Chicago, IL, USA).



CHAPTER IV

RESULT

A total of 50 Parkinson patients within stage 2-3 of the Modified Hoehn and
Yahr disability were recruited through directly explanation of the details of the study by
researcher at the Chulalongkorn Comprehensive Movement Disorder Center within King
Chulalongkorn Memorial Hospital. The final subject number was 16, who completed

the entire study.

Characteristics of the subjects

Baseline characteristics of the subjects both in control and experimental group
were summarized in Table 4.1. Age of the experimental subjects were 64.67 + 13.52
years, and control subjects were 71.29 + 12.16 years. Duration of PD was more in the

experimental group (4.89 + 2.76) than the control group (4.43 + 1.13).

Table 4.1 Baseline characteristics of the subjects.

Group
Characteristics

Experimental Group Control Group
Patients (n) 9 7
Sex (male/female) 7/2 3/4
Age (years) 64.67 £ 13.52 71.29£12.16
Hoehn and Yahr stage 2/2.5/3 5/3/1 3/2/2
Duration of PD (years) 4.89+2.76 443 +113
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Gait ability

Baseline gait ability pre-trained was tested in both groups. There was no
statistical difference of pre-trained between the two groups (Table 4.2). There was no

statistical difference in step initiation time, gait speed, step length and step frequency.

Table 4.2 The mean error gait ability of pre-trained between control and

experimental group.

Pre-trained
Gait ability Experimental Control P-value
n=9 n=7
Step initiation time (sec) 1.18+0.29 1.44 + 0.49 0.210
Gait speed (m/sec) 0.82+0.23 0.63+0.13 0.068
Step length (m.) 0.51+0.12 0.39 £ 0.09 0.053
Step frequency (step/10 m) 20.81 +6.26 26.43 + 6.01 0.092

Compared between experimental and control group using Unpaired t- test Statistics.

* Significant difference between both group, P<0.05
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Baseline gait ability post-trained was tested in both groups. There was statistical
difference of post-trained between the two groups (Table 4.3). When compared post-
trained between experimental and control group p-value was less than 0.05 in gait
speed, while p-value was less than 0.01 in step length and step frequency. But there

was no statistical difference in step initiation time.

Table 4.3 The mean error gait ability of post-trained between control and

experimental group.

Post-trained
Gait ability Experimental Control P-value
n=9 n=7
Step initiation time (sec) 0.84 +0.29 1.11+£0.35 0.392
Gait speed (m/sec) 1.03 £0.30 0.69 +0.12 0.026*
Step length (m.) 0.60 +0.13 0.42 +0.10 0.009"
Step frequency (step/10 m) 16.85 + 3.40 24.81 +5.98 0.006"

Compared between experimental and control group using Unpaired t- test Statistics.
* Significant difference between both group, P<0.05

! Significant difference between both group, P<0.01

In post-trained, gait ability was statistical difference between experimental and
control group in gait speed, step length and step frequency, especially in step length
and step frequency was less than 0.01. In step initiation time was no significant, but the

value in experimental group improved maore than control group.
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Baseline gait ability was tested in pre-post trained. There was statistical
difference of experimental group between pre-post trained (Table 4.4). When compared
experimental group between pre-post trained p-value was less than 0.01 in gait speed.
P-value was less than 0.005 in step length and step frequency. P-value was less than

0.001 in gait speed.

Table 4.4 The mean error gait ability of experimental group between pre-trained and

post-trained.

Experimental group (n=9)
Mean
Gait ability P-value
differences
Pre-trained Post-trained
Step initiation time (sec) 1.18 + 0.29 0.84 +0.29 0.34 +0.29 0.009'
Gait speed (m/sec) 0.82 +0.23 1.03 +0.30 0.21+0.10 0.000"
i
Step length (m.) 0.51+0.12 0.60 + 0.13 0.09 + 0.05 0.001
Step frequency (step/10m) | 20.81 +6.26 | 16.85 + 3.40 3.96 + 2.65 0.002°

Compared between pre and post trained using Paired t- test Statistics.
! Significant difference between both phase, P<0.01
i Significant difference between both phase, P<0.005

* Significant difference between both phase, P<0.001
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Baseline gait ability was tested in pre-post trained. There was statistical
difference of control group between pre-post trained (Table 4.5). P-value was less than
0.05 when compared control group between pre-post trained in step initiation time, gait

speed, step length and step frequency.

Table 4.5 The mean error gait ability of control group between pre-trained and

post-trained.

Control group (n=7)
Mean
Gait ability P-value
differences
Pre-trained Post-trained
Step initiation time (sec) 1.44 + 0.49 1.11+£0.35 0.33+0.26 0.015*
Gait speed (m/sec) 0.63+0.13 0.69 +£0.12 0.06 £ 0.07 0.041*
Step length (m.) 0.39 £ 0.09 0.42 +£0.10 0.02 £ 0.02 0.018*
Step frequency (step/10 m) | 26.43 + 6.01 24.81 +5.98 1.62+1.70 0.046*

Compared between pre and post trained using Paired t- test Statistics.

* Significant difference between both group, P<0.05

In the post-trained, both groups improved gait ability after 4 week of training.
Gait ability of experimental group more improved than control group, especially in gait
speed was less than-0.001.-Step-length-and step frequency was less than 0.005,

step initiation time was less than 0.01.
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Baseline mean difference of gait ability was tested in both groups. There was
statistical difference of mean difference of gait ability between the two groups (Table
4.6). P-value was less than 0.05 when compared control group between pre-post trained
in gait speed, while p-value was less than 0.001 in step length. But there was no

statistical difference in step initiation time and step frequency.

Table 4.6 The mean difference of gait ability between control and experimental group.

Mean differences
Gait ability Experimental (n=9) Control (n=7) P-value
Step initiation time (sec) 0.34 £ 0.29 0.33+0.26 0.760
Gait speed (m/sec) 0.21£0.10 0.06 £ 0.07 0.006*
Step length (m.) 0.09 + 0.05 0.02 £ 0.02 0.000"
Step frequency (step/10 m) 3.96 + 2.65 1.62+1.70 0.065

Compared between experimental and control group using Unpaired t- test Statistics.
* Significant difference between both group, P<0.05

i’ Significant difference between both phase, P<0.001

In post-trained, mean difference of gait ability was statistical difference between
experimental and control:group in gait speed and step length, especially in step length
was less than 0.001. In step initiation time and step frequency was no significant, but the

value in experimental. group improved more than control group.



CHAPTER V

DISCUSSION AND CONCLUSION

The aim of this study is that whether the current study was to investigate the
effect of stair-walking training in Parkinson patients, we expected that this program

would lead to an improvement of gait ability in the experimental group.

Gait ability

In the current investigation, post-trained of experimental and control group was
the improvement for the errors of gait ability. For the experimental group, gait ability had
a great significant improvement as compared with pre-trained. Especially, gait speed
had a greater significant improvement than other parameters. As well as gait ability of

the control group had a great significant improvement as compared with pre-trained.

From the data of gait ability, the error of the gait ability between experimental
and control group was examined. The researcher found an improvement of gait ability in
experimental and control group. The experimental group was more improvement than
control group. For step length and step frequency of the experimental group had a great
significant improvement as compared with the control group. Expect step initiation time
of the experimental group was not significant improvement as compared with the control

group, but it was more improvement than control group.

Stair-walking, that like as walking on treadmill. This investigation was same as
the other studies which used treadmill training. For instance, Miyai et al. (2002) studied
the treadmill training with body-weight supported which compared with conventional
physical therapy program on gait parameters in Parkinson patients. The results

increased stride length and gait speed, reduced step frequency in experimental group.
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The results of Fisher et al. (2008) studied were that they compared treadmill
training and physical therapy program on motor performance. They found improved
motor performance in gait speed, step length and step frequency during self-selected

and fast walking speed in experimental group.

Stair-walking exercise may stimulate as visual cue too. This investigation was
same as the other studies which used visual cue. For instance, Morris et al. (1996)
studies the effect of visual cueing training in Parkinson patients. The results showed
improved gait speed, step frequency and step length post training. The results of
Nieuwboer et al. (2007) showed significant improved in gait speed and step length, but
no significant effect of step frequency in home physiotherapy programme based on
rhythmical cueing. Jiang and Norman (2006) applied auditory and visual cues on gait
initiation in Parkinson patients. The results showed the longer of firsts and second step
lengths and higher gait velocity were significantly greater in the visual cue. And there
were no significant effects of cue on step initiation time, but decreased step initiation

time in visual cues.

This investigation was differed from the other studies which used step training.
For instance, Rogers et al. (2003) studied the speed of voluntary step initiation which
used step training in aging. They reported that it was significantly reduced in step

initiation time. But this studied in normal aging group.

In this' study, the result showed up that there were differences in statistics both
groups. Because of all groups were exercise group which the experimental group was
obtained stair-walking training program. The control group was obtained conservative

training program.

The result showed up that step initiation time was no difference in statistics
between the experimental and control group. Nevertheless, it had no difference in
statistics; the experimental group had more decreased error of step initiation time than

the control group.
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Stair-walking was different from treadmill as following aspects; treadmill was
stimulate the step walking by machine that acts as an external rhythm by setting the
walking pattern only. But stair-walking may stimulate as visual cue from the staircase
too, that not found in treadmill. In stair-walking exercise, the subjects have to raise their
legs themselves and higher step walking than walking on treadmill. Stair-walking
exercise may gain more strength of lower extremities than treadmill. So that subjects
who did stair-walking exercise can improve their gait pattern, especially can improve

ground clearance that help to prevent of fall.
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Conclusion

The current results indicate that gait ability improved in all stair-walking training
and ground walking training at home. It showed necessary training or exercise for gait

ability improvement.

Gait training program in this study: stair-walking training in the experimental
group and ground walking training in the control group, can improve gait ability in

Parkinson patients.

Stair-walking exercise can improve gait ability in Parkinson patients more than
ground walking exercise. Stair-walking exercise may stimulate as visual cue and gradual

implicit motor learning of rhythmic walking.

Thus, it is suggest that stair-walking training program can be used to improve

gait ability in Parkinson rehabilitation program.



REFERENCES
Alexander GE, Crutcher MD. Functional architecture of basal ganglia circuits: neural

substrates of parallel processing. Trends in Neurosciences 13 (1990) :266-271.

Anne B, Young B, John B, Penney JR. Biochemical and functional organization of the

basal ganglia. In: Jackson JR, Tolosa E., editor. Parkinson'’s disease and

movement disorders 4 ed, 1-10. Philadelphia: Lippincott Williams & Wilkins,

2002.
Azulay J, Mesure S, Amblard B, Blin O, Sangla I, Pouget J. Visual control of locomotion

in Parkinson’s disease. Brain 122 (1999) : 111-120.

Azulay J, Mesure S, Blin O. Influence of visual cues on gait in Parkinson’s disease:

Contribution to attention or sensory dependence?. Journal of the Neurological

Sciences 248 (2006) : 192-195.
Brichetto G, Telosin E, Marchese R, Abbruzzese G. Evaluation of physical therapy in

parkinsonian patients with freezing of gait: a pilot study. Clinical Rehabilitation 20

(2006) : 1060-1066.
Brotchie P, Marks WJ, Goodin DS, Aminoff MJ. Simple and choice reaction time in
Parkinson’s disease. Brain Research 815 (1999) : 367-372.

Burke D, Hagbart LKE, Wallin BG. Reflex mechanism in parkinsonian rigidity.
Scandinavian Journal of Rehabilitation Medicine 9 (1977) : 15-23.

Caglar AT, Gurses NL, Mutluay KF, Kigilton G. Effects of home exercise on motor

performance in patients with Parkinson’s disease. Clinical Rehabilitation 19

(2005) : 870-877.
Canning'CG, Ada L, Johnson'JJ, McWhirter'S. Walking capacity in mild to moderate

Parkinson’s disease. Archives of Physical Medicine Rehabilitation 87 (2006) :

371-375.
Chen H, Zhang MS, Schwarzschild AM, Herman AM, Asherio A. Physical activity and the

risk of Parkinson disease. Neurology 64 (2005) : 664-669.



46

Boreham CA, Wallace WF, Nevill A. Training effects of accumulated daily stair-climbing

exercise in previously sedentary young women. Preventive Medicine 30 (2000) :

277-281.
Brunt D, Protas E, Bishop M. Gait Characteristics and Intervention Strategies in Patients

with Parkinson’s Disease. Trail M, Protas EJ, Lai EC, Neurorehabilitation in

Parkinson’s Disease an evidence-based treatment model, 153-174. United

States of America : SLACK Incorporated, 2008.
Crizzle AM, Newhouse IJ. Is physical exercise beneficial for persons with Parkinson’s

disease?. Clinical Journal of Sport Medicine 16 (2006) : 422-25.

Cunnington R, lansek R, Bradshaw J, Philips JG. Movement-related potentials in
Parkinson’s disease: presense predictability of temporal and spatial cues. Brain
118 (1995) : 935-950.

Cutson TM, Laub KC, Schenkman M. Pharmacological and nonpharmacological

interventions in the treatment of Parkinson’s disease. Physical Therapy 75 (1995)

: 363-373.
Dawson T. Parkinson’s disease: clinical manifestation and treatment. International

Journal of Psychiatry 12 (2000) : 263-269.

Dewey RB. Clinical Features of Parkinson’s Disease. Adeler CH, Ahlskog JE,

Parkinson’s Disease and Movement Disorders Diagnosis and treatment

Guidelines for the Practicing Physician, 71-84. New Jersey : Humana Press,

2000.
Dietz V. Neurophysiology of gait disorders: present and feature applications.

Electroencephalography and Clinical Neurophysiology 103 (1997) : 333-355.

Djaldtti'R, Melamed E. New drugs in the future treatment of Parkinson’s disease. Journal
of Neurology 249suppl2 (2002) : 30-35.

Fisher BE, Wu AD, Salem GJ, Song J. The effect of exercise training in improving motor
performance and corticomotor excitability in people with early Parkinson’s

disease. Archives of Physical Medicine Rehabilitation 89 (2008) : 1221-1229.




47

Frenkel-Toledo S, Giladi N, Peretz C, Herman T, Gruendlinger L, Hausdorff JM. Effect of
gait speed on gait rhythmicity in Parkinson’s disease: variability of stride time

and swing time respond differently. Journal of Neuroengineering and

Rehabilitation 31 (2005) : 23-29.
Gabriel Hou J, Lai EC. Overview of Parkinson’s Disease: Clinical Features, Diagnosis,

and Management. Trail M, Protas EJ, Lai EC, Neurorehabilitation in Parkinson'’s

Disease an evidence-based treatment model, 1-29. United States of America :

SLACK Incorporated, 2008.

Gelb D, Oliver E, Gilman S. Diagnostic criteria for Parkinson’s disease. Archives of
Neurology 56 (1999) : 33-39.

Gentilucci M, Negrotti A. Planning and executing an action in Parkinson’s disease.

Movement Disorders 14 (2002) :69-79.

Giladi N. Gait Disturbances. Factor SA, Weiner WJ, Parkinson’s Disease Diagnosis and

Clinical Management, 57-63. New York : Demos Medical Publishing Inc, 2002.

Guttman M, Kish SJ, Furukana Y. Current concepts in the diagnosis and management of

Parkinson’s disease. Canadian Medical Association Journal 168 (2003) : 293-

301.
Hayashi R, Tokuda T, Tako K, Yanagisawa N. Impaired modulation of tonic muscle
activities and H-reflex in the soleus muscle during standing in patients with

Parkinson’s disease. Journal of the Neurological Sciences 153 (1997) :61-67.

Herman T, Giladi N, Gruendlinger L Hausdorff JM. Six weeks of intensive treadmill

training improves gait and quality of life in patients with Parkinson’s disease: a

pilot study. Archives of Physical Medicine and Rehabilitation 88 (2007) : 1154-
1158.

Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology 17
(1967) : 427- 442,

Horak FB, Frank JS, Nutt JG. Effects of dopamine on postural control in parkinsonian

subjects: scaling, set and tone. Journal of Neurophysiology 75 (1996) : 2380-

2396.



48

Jankovic J. Pathophysiology and Clinical Assessment of Parkinsonian Symptoms and

Signs. Pahwa R, Lyons KE, Koller WC, Handbook of Parkinson’s Disease, 71-99.

New York : Marcel Dekker Inc, 2003.
Jiang Y, Norman KE. Effects of visual and auditory cues on gait initiation in people with

Parkinson’s disease . Clinical Rehabilitation 20 (2006) : 36-45.

Jellinger K. The pathology of parkinsonism. London: Butterworths, 1987
Jobges M, Heuschkel G, Pretzel C, lllhardt C, Renner C, Hummelsheim H. Repetitive
training of compensatory steps: a therapeutic approach for postural instability in

Parkinson’s disease. Journal of Neurology, Neurosurgery and Psychiatry 75

(2004) : 1682-1687.

Kato T, Arahata T, Nagono-Saito A, Nakamura A, Abe Y, Hatano K, Iwai K, Yamada T,
Washimi Y, Kachi T, Ito K. Pathophysiological brain mapping in Parkinson’s
disease. International Congress Series 1232 (2002) : 571-577.

Koller W. How accurately can Parkinson’s disease be diagnosis?. Neurology 42suppl1
(1992) : 6-14.
Kutukcu Y, Marks WJ, Goodin DS, Aminoff MJ. Cerebral accompaniments to simple and

choice reaction tasks in Parkinson’s disease. Brain Research 799 (1998) : 1-5.

Kutukcu Y, Marks WJ, Goodin DS, Aminoff MJ. Simple and choice reaction time in

Parkinson’s disease. Brain Research 815 (1999) : 367-372.

Litvan |. Parkinsonian feature: when are they Parkinson’s disease?. JAMA 280 (1998) :
1654-1655.

Limarinen J,LImarinen R, Koskela A, Korhonen O, Fardy P, Rutenfranzt J. Training
effects of stair-climbing during office hours on female employees. Ergonomics
22(1979) : 507-516.

Loy SF, Holland GJ, Mutton DL, Snow J, Vincent WJ, Hoffmann JJ, Shaw S. Effects of
stair-climbing vs run training on treadmill and track running performance.

Medicine and Science in Sports Exercise 25(1993) : 1275-1278.




49

Loy SF, Conley LM, Sacco ER, Vincent WL, Holland GJ, Sletten EG, Trueblood PR.
Effects of stairclimbing on VO2max and quadriceps strength in middle-aged

females. Medicine and Science in Sports Exercise 26(1994) : 241-247.

Lozano A, Carella F. Physiologic studies in the human brain in movement disorders.

Parkinsonism and Related Disorders 8 (2002) :455-458.

Mattay VS, Tessitore A, Callicott JH, Bertolino A, Goldberg TE, Chase TN, Hyde TM,
Weinberger DR. Dopaminergic modulation of cortical function in patients with

Parkinson’s disease. Annals of Neurology 51 (2002) : 156-164.

McRae C, Diem G, Vo A, O’'Brien C, Seeberger L. Accuracy of clinical diagnosis of
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases.

Journal of Neurology. Neurosurgery and Psychiatry 55 (1992) : 181-184.

Miyai I, Fujimoto Y, Yamamoto H, Ueda Y, Saito T, Nozaki S, Kang J. Long-term effect of
body weight-supported treadmill training in Parkinson’s disease: a randomized

controlled trial. Archives of Physical Medicine and Rehabilitation 83 (2002) :

1370-1373.
Morris M, lansek R, Matyas TA, Summers JJ. Stride length regulation in Parkinson’s

disease: Normalization strategies and underlying mechanisms. Brain 119 (1996)

: 551-568.

Morris M. Movement disorders in people with Parkinson disorder: a model for physical

therapy. Physical Therapy 80 (2000) : 578-597.
Morris M, Jayalath V, Huxham F, Dodd K, Qates J. Strategies to-minimize impairments,

activity limitations and participation restrictions in parkinson’s disease. In:

Refshauge K, Ada L, Ellis‘E., editor, Science-based Rehabilitation, 224-243.
Philadelphia : Butterworth Heinemann, 2005.

Morris ME. Locomotor taining in people with Parkinson disease. Physical Therapy 86

(2006) : 1426-1435.
Nieuwbour A, Weerdt DW, Dom R, Truyen M, Janssens L, Kamsma Y. The effect of a
home physiotherapy program for person with Parkinson’s disease. Journal

Rehabilitation of Medicine 33 (2001) : 266-272.




50

Obeso J, Rodriguez-Oroz MC, Rodriguez M, DelL.ong MR, Olanow CW. Pathophysiology
of levodopa-induced dyskinesias in Parkinson’s disease: problems with the

current model. Annals of Neurology 47Suppl1 (2000) : 22-34.

Olander EK, Eves FF, Puig-Ribera A. Promoting stair climbing: Stair-riser banners are

better than posters...sometimes. Preventive Medicine 46 (2008) : 308-310.

Pal PK, Samii A, Calne DB. Cardinal Features of Early Parkinson’s Disease. Factor SA,

Weiner WJ, Parkinson’s Disease Diagnosis and Clinical Management, 41-55.
New York : Demos Medical Publishing Inc, 2002.

Parkinson J. An Essay on the Shaking Palsy. London: Sherwood, Neely and Jones;

1817.
Pellecchia M, Grasso A, Biancardi L. Physical therapy in Parkinson’s disease: an open

long-term rehabilitation trail. Journal of Neurology 251 (2004) : 595-598.

Pohl M, Rockstroh G, Ruckriem S, Mrass G, Mehrholz J. Imnmediate effects of speed-
dependent treadmill training on gait parameters in early Parkinson’s disease.

Archives of Physical Medicine and Rehabilitation 84 (2003) : 1760-1766.

Protas EJ, Mitchell K, Williams A, Qureshy H, Caroline K, Lai EC. Gait and step training

to reduce falls in Parkinson’s disease. NeuroRehabilitaion 20 (2005) : 183-190.

Reuter |, Engelhardt MK. Parkinson Disease. LeMura L, Dubillard SP, Clinical exercise

physiology: application and physiological principles, 253-268. Philadephia :

Lippincott Williams & Wilkins, 2003.
Rogers MW, Johnson‘ME, Martinez KM, Mille ML, Hedman L. Step training improves the

speed of voluntary step initiation in aging. The Journals of Gerontology 58A

(2003) : 46-51.
Scandalis TA, Bosak A, Berliner JC, Helman LL, Wells MR. Resistance training and gait

function in patients with Parkinson’s disease. American Journal of Physical

Medicine and Rehabilitation 80 (2001) : 38-43.

Schenkman M, Butler R. A model for multisystem evaluation treatment of individuals with

Parkinson’s disease. Physical Therapy 69 (1989) : 932-943.




51

Schenkman M, Cutson T, Kuchibhatla M. Reliability of impairment and physical

performance measure for person with Parkinson’s disease. Physical Therapy 77

(1997) : 19-27.
Stacy M, Jankovic J. Differential diagnosis of Parkinson’s disease and the parkinsonism

plus syndrome. Neurologic Clinics 10 (1992) : 341-359.

Stanley RK, Protas EJ. Physical Therapy Treatment and Home Programming for Patients
with Parkinson’s Disease: Clinical Features, Diagnosis, and Management. Trail

M, Protas EJ, Lai EC, Neurorehabilitation in Parkinson’s Disease an evidence-

based treatment model, 125-151. United States of America : SLACK

Incorporated, 2008.
Suteerawattananon M, Jankovic J, Morris S, Etnrye B, Protas EJ. Effects of visual and
auditory cues on gait in individuals with Parkinson’s disease. Journal of

Neurological Science 219 (2004) : 63-69.

Takakusaki K, Habaguchi T, Ohtinala-Sugimoto J, Saiton K, Sakamoto T. Basal ganglia
efferents to the brainstem centers controlling postural muscle tone and
locomotion: a new concept for understanding motor disorders in basal ganglia
dysfunction. Neuroscience 119 (2003) : 293-308.

Valls-Sole J, Valldeoriole J. Neurophysiological correlate of clinical signs in Parkinson’s

disease. Clinical Neurophysiology 113 (2002) : 792-805.




FONUUINYUINNS )
RN TN INENAY



APPENDIX A

langsTuasaya/Muuziiungiansaniasanis

(Patient Information Sheet)

1 14
Falasanig Haa89NsENRLaL-anTule TudilansAudu

o

H{¥iNn1534E UNANMATA 1Astydusgls

UARMANGASINYIANARTHIN TR AN UITANERTNNTAN

o al Ao o a
a1a158n5nelAsInIg A. WeY. 81331 gWNaEIm0
cal 1 i c a aa
anasanlsnmnsan 7. Wn. 9latl Anelds
¥ ala 1 L d
Hauanansale
uu

v
a o=

1. A.WEY. 2735011 gWNB5987  NIAATINTANARTAWY ADICUNNEANART

Q

inaansniuvndnenay nadnit 02-256-4433

2. 9A.uW. Jl3al WnEfs  NNAITIRNYIANERT ARIELIEANART RNaINTn]

6

NUNINENAE NTAN 02-256-4630

a o

3. WNANATYEA WinyduRgls  NAdATIINEN AnlsuWNEANART aNaINsnl

o

Wunanede adwsT 02-256-4267 . Hana 084-211-3453

A01uUNIAE
1. NIAETTINGN ALTUNIATART AR 1AINTOINUNINNAE)

2. PMATINTANERTNWY AZUNNEANERT ATNaINIRINININENAE

53



54

&
ANALlurnaadlagIng

Trannfiudu Wulsansdenaesszuudszam wudszanns 1 T 100 Aundang
1 dd%’ a o 1 1 o N a dl ¥
wnndr 65 Tauhl  awgresniafialsadslinauwidn fuaaziiaanisnaenldi
NSNS BUAILIN wazdinisdu N1sinEAeNIIFLLIEM U LATNSHNARTIANNID
anaNsudaniuazn1sdulan
watfoyu @Ay ludilenwaiiudu Aa nisdu adeaInasuRadnlugaednis
QI a 4 Qi dJ o 2 A [ (-3 dlv o dl
BuiAnuaznsgeinl - Bnneinmsaenn Wsen e fa lumiunandaauin - Gelfoyun
pananavinliFlaendensianisdn n1svinAadnstszanduanatuazanainn1aznnanwle
s Auami e lunadvaniuantszasmmanlunsiuy duaannsinduni
n1eNINLLe
ada dg/ a N A o = aa aa dl dl
JannsrunanssnnImnanIsa Wb udutvaInuaneds 3an1mia
o = = = 9 = vy o a = 3 X
IHFunisaulaninme nsHnan waznasindneen nasininedu@snaaans nasininatiu-
d” 1 o =] aa = 4 dl 1 % ¥ Y oA o
asiusineseal tnenisilnynasariinas Wideye ol inadeansvsuligtsenniniuduaiunsm
QI o a ?\// v 1 = a A =l 8 o o = %
Buvinfanssniue) heteNdsz@nanan uasiiniatszgnsniseanindananuuiugasinu
wazuvuualsiia unldlunnsinegieen sandusuee
[ i’/ ¥ o Ao KX A 1 &= a 49{ o cal
patuinnRdsasiananladanasiniulaenstu-aaiula - ansnsaisaN
annsnlunaduludilaennfiuduliasasald  nisindvau-asiuladugluuunisiing
Y A = Sy Ly o A A A a4 A o P
winlinan gilseaintsarniesninuldlaeladsesldirsesioniamlac uasivenaztinnang

v 1
tlildszgnsldluntsinundileanasfiuvdusaausell

Togilszaen
dl = =% a d? o ! dl a
NBANEA N@m@\‘m’n‘dﬂmumu—muﬂm sansitasuudatacnaiunlunisiay

Tugdaenwnfnudu

. L

sraasidannazd Jissagiinsoniasens

1. fdhdsddealdfunistuasneazdanieoiuauiddalonde  uazldiunig

Y v = I

wdelinsudinisdndaniasanisdnenddeluaiell  Judhdnddeldseadernldanelo

u

9;/ QD Vo o c o dl i’ ¥ v o cao A 17
MNAU VL@?‘]Jﬂ’]ﬁ‘@SJﬂ’]HELLLLZ\Wﬂﬂﬂ?ﬂﬁﬂ’)’]&lL@EIQLU@QIF]HI@EIQQ@EIWWNLﬂm"'ﬂﬂ@m’ﬂﬂm’m’]

o o

Anen Wagdn dnRdadpduladnsaneuidy fudndntdsazfasasunntiugenidngonly

994l



55

2. Hudhdamunaideazgnutisinedinisdn eendlu 2 ngu Ae NENNAABILATNEN

AILIAN T3 2 nguazlazunisaefesliniinnimeasy uazlsziliunanionnn 2 A3 Aa AR

q

1 =] %’/ dl [ a o =]
LINIUNIINARBUNAUNITHN ATIN 2 WILNITNARDLLAZLT N UNANAINITE NI UTZ eIz AN
4 flpi  dennmedaunaznnlszitunalsznauldsng  srazinannldluniainnems

w3n AN 1UNNTALE ANENNAN BAZAINDANY

' '
¥ o o

Z’/ a o dll EVANEVIN ] a o = a o a o v Y a o
3. 1URAAUNITINE WNBHLINFINIRLNIONADIUNNINITIE TN TR

a
v

10 WA NN13TAEMINNNTAUIBN TAUUTAN  ARINAUARA  NAIRNNTIUENINTIaEIAY

u

afunedeeazdanlunmeaey  lnpgidndannismdaacsnaseuniamuiussaznig 10

wmg tneasianamadeuieing 8 A lwnismeasuiassinnaseuazlildauatmnaanii

1 Vv
o {

R a K % 1 ¥ ¥ 2 o 1 { A '
Audndniavau-aaivle  wazlinsudnfidnsaunisdduadlunguneaes  visanguasLAx

1 1 %
| =

Waflunisilasiueni (bias) Ne1aaziinanléluniamaas
Y v ! a o dl 1 1 Vas a =® = =] a d?
4. giindasndunetlungunasasazlaiunisasuiefeaazidan Tunisinimua-

o 1 1% =X ° = = ¥ é’ ' 1% a é’ o
@Q‘Ulﬂ@l IPENAULAZMAINTRNAZTIN N8 ALUE L ANANLIE LL@&IF]@W]E]ﬂ’]?L@M‘IJu-@QUuiﬂ

¥

e 30 Wi InehusagauEarigidnsan@dsnials ansnsnanauizavzangan s

ffdndanenuddadients wazazdesianisnidunan 3 AfvAla w4 ddani

a o

sendenisEndsnanagidnsannisidsazetneliinisguazesiinnsidy wazazld

[ %

naliifindunsela  wivitw  fidhseatdenasani@edinuazsesinniazaansenisimu

NPADL

Y

5. fidndaunsiduie lunguacuauazldiunisetuneieneaziden  lunisin

BUUUN U UATUE WA 30w nnasenlunan 3 asvAUeny w4 flan

dsslemiuasaadnAgiaziatueniliingdnlasinis

Y

¥ a o dl 1 1 Yo é’ a
1. gdnsaunismdeieglungunaaasaclddunisiugansson i Tunisbuaes

Y v

2. Hinsaunisdeiedlunguacurn  inualildiunalaenss  wsvinuazlizu
o o A o dqj a 1 U O/le
Auuztiatluanssan wlunisiuaesinusell] wasAugalasanig

3. Wudayalunisuyanssonmmianiaimiu lugibanfvduldatinamunzas

v dl v a o 1 [ ¥ o a o 1
4. m@g@mimmnmm@mmmu%Lﬂmm‘j@l‘umﬁ‘wmmmm@&l ﬁlu@uﬁﬂmmﬂﬂ



56

ANRALWIURNAIANASHLTNSINTATINSIAE

7Uaz AU ANTAIL N TAUNNAINTLNN T FuTATINNAReYINUAE 200 LN

paTIAtsNaainTuundIINsINTATINIg
vinuarlilifuannidedle  Wesaniinnienindntineesgua  LaTinisaoN
P3eddndnsnsEurasialanaeanisinatn  wnvinulanisfaniduuiuntian wela

° = Y ~ A~ Y a ey
AN AWATLAULTININ MRS LNIN ﬁ?'ﬂﬂ’ﬂqﬂ’]?ﬂqﬂ@qU?LQMﬂqﬂJqﬂunIu1N1ﬂ

Y o A

ansudeRdnlaviun visaletinniaaawlniaingvinulaInsAnna1aNIaTIgANNg

a

wmmuw’éﬂuﬁurmﬂguwmm@ LATAINUUNNET 11719

[ 3 @3 [
mainuaayatiluaNay

a o o o Y

vinnsadaeguiud) - deyaieanuseididaninuideazgnifiuliidunonudy

|
Y

niuannnseimil uarzeredidnsnanideaslidsngluwuuvafunisiiy

e L2

LSS

ae

¥ ¥ nl/ = 9 o =l 1 94;/ d‘ = ¥ dg/
1BHR LL@ﬁIuﬁﬁuﬂ@H@VI'ﬂﬂ Iﬂﬁl&lE{‘VHQ"W;IL‘W?;I\‘lﬂumﬁlqLVI’]HLWW]?’TLI?’m@&‘ﬂﬂﬂﬂl@ﬂﬂlﬂy’@u

o [ %

a Y Y a o d’ L2 ' A 0 a o :J/ ail/
1 mmmuwax@mgmwwmmwmlmmwmumium:‘mfmamm

©3°¢

%

VinugNnsnaanausinaanainiasnisaaeldynian

a o o

' IS4 o Q/dl o 2 a o
W’]ﬂ‘V]’]uﬁJ‘ﬁ‘ﬂ@ﬂ’&ﬂI@"‘ @’]N’]?ﬂf&’i’]‘ﬂﬂ’mimﬂ U.A.ATR L@mﬂumq% AN
084-211-3453 FATURABLAIRINYNRAT
=

Nl mnyURTTyINNeA e IaTINNNTINE nuaunniesFauline

ADLENITNNNTAIEFITNNNIINENLLDT (02) 256-4455 fa 14, 15



57

APPENDIX B

lugiuganiingannigias (Consent form)

av o =] a d? o v A o
ng3aaEae  HateInsEnAuIu-aniule Tudilansiudu

o ¥ 0 A o dl A
FulAnEueaN Tun.......... BARTS o WAL

' dl a Y o a o o A 3 ¥ Yo a
faunazasnnlulugugenlininimauaiei °1|’1WL”°Y11®?‘].Iﬂ’]?’rJﬁ‘LI’]EI'°Wﬂ

[ %

=)
119N

=)

v
o

FanlsrasAaaennaidy 38019998 SumIe  WIRAININeNANATUAINNNTIAE 39N
dselamiifnauainnisiagetazidan wazimaudilanudn

2 o/ o 1 o I d'a; ¥ o Y < 1) o 1 %
HIRETUTEIINASARU AT IHAN NIWRI @GR AN A PL?J']J@IN"]]@UL?H

a

udNNLAINe e

a

9 v aa dl a LM a o g A&I @ v 7]
‘LI'TWL’Q’]N’&‘ﬂﬁﬂ/]@]zﬂﬂﬂL@ﬂﬂ’ﬁ‘Lﬁl’]?QNIMIQNﬂ’]?Q@‘HNLN@Iﬂﬂ1® wazitnganlage Nng

£
aov a

o a 7% sl a o dy s 1 o dlsz 1%
[_eilpgadasla  LaznITLANANANIELNIINANTIA R @31&13\1!%@E‘l’ﬂﬂqﬁ‘ﬁ‘mﬂqtﬁ‘ﬂVl‘ﬂ’]WL@’]

avivelasusaldl

o 1

L o =3 k73 dl o o VY % 3| [ a 4
NQ@EI?U?@\T’J’]@ZLHU‘H@NHQL't'lW'WtLﬂEI’]ﬂ‘UﬁIQ?J’]WL@’]Lﬂuﬂ’)'m@ll LLZ\]Z’QZL‘U@LNEW@

=3

1
a @

wnzluginduaguaniafide - madamedeyanasiuidinidasendanusiie 7

a

dl v o ¥ o = & a ' %’/
LNEIUBN ﬂ?:ﬁV]’ﬂ@L’ﬂW’]ﬁ:ﬂﬁ‘ﬁA@’]Lﬂu ALLUBRINANINATINTITINIUY

o {

B’ﬁﬁmmmmmﬂL'ﬁmmimmffmim FUTAINIAINITENFINANGIRY FINAID

a

v v Yo o = 1 Yo Qldl al
dmidnazlifunnsinsanenunatae luRngaAd wazazlfdunisanaaselingoydeli

FEUINNNIFINEHINLILNAAINATD ARDARUNUNALNUAINNNNIINDIALNATUATNAINN
NN
v v 7 v E2 2% v = v = v
TR A AU AN NTNIFULAT wazipnNd lanynUaznis uazleasunululy
a dzJ v [~3
FUANRAEANFN A
k. d6 LN VL 1. d¥ic) 16N ¢) A
(e )
AIUIH e WeINL
(e )



N159981L5849

1.
2.

HAR9NIRNANIW-AaTUle TudilosnifMudu
douil 1 dayaiugu A
=

BV s 1 3T
AN Alaniy AU . \TUALN AT
The Hoehn and Yahr Stage..........cccoocvviivviiinineneen...
FrulsAn RUAUAABIL oo i
seaiziaa lun sl ulsAnaF WA, o i

10.

11.

12.

13.

14.

15.

APPENDIX C

WULTUANTRYARIULAAS

Tutlaqiiulézunisinesaegis

nuliiToynlunnaduvsaly

O 4 O M
yinuld e sdaniiu viselal

O 4 O i
Mnumaduvizel

O 4 O i
vinuldseiRilnisaiala vizald (angina, MI, CHF, stroke, TIA, PVD, AAI)

O \lu O Taiflu
nulitlsedmdulsawnmuviea L

O \lu O laiiflu
vinuililseRidulsanauaulaningasela

O lu O laiflu
viauil lasiulwaengevisalal

O \lu O Taflu

usydmidulsaneuiia saneanTilines viselsailanzaiavizely

(asthma, cystic fibrosis, interstitial lung disease)

O lu O

Tadufly

' = (<3 A a a dl o 14 dgl & ' A 1
muuﬂm&lmma‘mmmum@mﬂﬂmmmﬂmz‘uumz@ﬂ NANHILA LL@?Z"].I@IF]@M?@LLN

= [~3 A a Qa:i
O % Buvireiialndn

58



AIUN 2 LLULUNNRANITNARAL

NARAULAUSEEENG 10 LNAS

1 G o =]
AAUNITHN URINITHN

2281219 a7 lNN9AN I ASILIN (WIH)

AN TUNTRY (A9/AUNT)

v
ANNNENINTT (TN.)

dl ¥ v =
AYNDNIY (N19/407)

B N 1% OO .. vv~-rvrrr I T evovvcrcres .

- o & .
nsEnAuAU-agtula

® NIUEANN

3
Anee
=)
o}
26
=
N
3
2
b
w

flmvin 1

flmvin

flmvin

Al |DN

flmvin

IRV oo AT ST TBTGIEI........-.cc s seeensnnsacssssssessssneees

JuninnseniAulv-astule

flmvin 1

flmvin

flmvin

AN

flanvin

FIFYRNBIT e ceseeeseescesssssssssecesssssss e sessse e




60

a 4

LULUUNARANISENLAUN LY

¥

o idnsaunisideinnsEniduuuuy  foganuiEanivinuannsorinly  Tagvinuaiunsaan

PNV AN IFievinusiaanis wnan 30 w3 Afvddai uszazinan 4 dland
| P | o o = v @ = A

e nnvinuleniafdnduuiuniiian melasaiun Inassuianan mleavey vsalainistan

¥ a My ¥ 1 o o a
Ausnnunnnaunulily Wiviumgeinluiui

|
o o

o wnnyullilymaulaTusaudelan w.a anma aanydunals Tnedwit 084-211-3453

]

AUNINISENLAY

flmvin 1

flmvin

flmvin

Al |DN

flmvin




APPENDIX D

61

Table | The mean error gait ability of experimental and control group between pre- and post-trained

Experimental group

Control group

P-value P-value

Pre-trained Post-trained Pre-trained Post-trained
Step initiation time (sec) 1.18 £0.29 0.84 +0.29 0.009" 1.44 £0.49 1.11+£0.35 0.015*
Gait speed (m/sec) 0.82+0.23 1.03 £ 0.30 0.000" 0.63+0.13 0.69+0.12 0.041*
Step length (m.) %51 QN2 0.60+0.13 0.001* 0.39+0.09 0.42+0.10 0.018*
Step frequency (step/10m) 20.81 £ 6.26 16.85 + 3.40 0.002* 26.43 £6.01 24.81£598 | 0.046*

Compared between pre and post trained using Paired t- test Statistics.

* Significant difference between both group, P<0.05.

! Significant difference between both phase, P<0.01.

: Significant difference between both phase, P<0.005.

i’ Significant difference between both phase, P<0.001.

Table Il The mean error gait ability of pre-trained and post-trained between experimental

and control group

Pre-trained Post-trained
P-value P-value
experimental control experimental control
Step initiation time (sec) 1.18+0.29 1.44 + 0.49 0.210 0.84 +0.43 111 +0.35 0.392
Gait speed (m/sec) 0.82 +£0.23 0.63+0.13 0.068 1.03+0.30 0.69 £ 0.12 0.026*
Step length (m.) 0.51+0.12 0.39 £ 0.09 0.053 0.60+0.13 0.42+0.10 0.009"
Step frequency (step/10m) 20.81+6.26 26.43 + 6.01 0.092 16.85 £ 3.40 24.81+5.98 0.006'

Compared between experimental and control group using Unpaired t- test Statistics.

* Significant difference between both group, P<0.05.

! Significant difference between both group, P<0.01.
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